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(54) A protein phosphatase 1 binding protein, R5 

(57) Human PPP1 R5 polypeptides and DNA (RNA) 
encoding such PPP1 R5 and a procedure tor producing 
such polypeptides by reconnbinant techniques is dis- 
closed. Also disclosed are nnethods for utilizing such 
PPP1R5. or compounds which inhibit or stinnulate 
PPP1 R5 for dysfunctions or diseases which involve re- 
sistance to the action of insulin on glycogen synthesis 



are also disclosed. Agonist and antagonists of these 
PPP1 R5 proteins and methods of their use are also dis- 
closed Also disclosed are diagnostic assays for detect- 
ing diseases related to mutations in the nucleic acid se- 
quences and altered concentrations of the polypeptides 
Also disclosed are diagnostic assays for detecting mu- 
tations in the polynucleotides encoding the PPP1 R5 and 
for detecting altered levels of the polypeptide in a host 
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Description 

F^ELD OF THE 'NV£\^iO\ 

This invent^'" reiaies generally to newly laentifiea polypeptides ana polynucleotides variants and derivatives o*' 
the poiynucieotides ana polypeptides polypeptides encooed by such polynucleotides the use of such polynucleotides 
and polypeptides as well as the production of such polynucleotides and polypeptides In particular the invention relates 
to novel polypeptides ana polynucleotides related to a novel human protein related to the liver- and muscle-specific 
glycogen binding subunits ot protetn phosphatase 1 The novel protein is hereinafter called protein phosphatase I 
binding protetn R5 or PPP1R5 

BACKGROUND OF THE INVENTION 

Protein phosphatase 1 (PPl) participates in the regulation of a wide variety of cellular functions by reversible 
protein phosphorylation and is one of the major protein phosphatases dephosphorylating serine and threonine residues 
in eukaryotes The ability ot PPl to regulate diverse functions resides in the capacity of PPl to interact with a variety 
of regulatory subunits that may target PPl to specific subcellular locations, modulate its substrate specificity and allow 
Its activity to be responsive to extracellular signals [Hubbard and Cohen Trends Biochem Sci. . Jl6 172-177 (1993)] 

A 1 26 kDa glycogen binding subunit (G^ or PPP1 R3} targets PPl to glycogen particles and to the sarcoplasmic 
reticulum in striated muscle [Tang etal. J Biol. Chem.. 266 : 1 57S2-1 5739(1 991 ): Chen et al . Diabetes 43:1234-1241 
(1994)] The hormones insulin and adrenalin are thought to influence the activity of PP via the G|^ subunit Phospho- 
rylation ot Ser-46 in human in response to insulin, enhances the rate at which at which PPl dephosphorylates and 
activates glycogen synthase, causing an increase in glycogen synthesis [P Dent et al. Nature . 346:302-306 (1990)] 
In contrast, phosphorylation of Ser-65 in human Gf^ by protein kinase A in response to (5-adrenergic agonists triggers 
^5 dissociation of PP from G,^. thus inhibiting PPl from acting on glycogen synthase and phosphorylase and resulting in 
decreased glycogen synthesis and stimulation of glycogenolysis [Nakielny et al Eur. J. Biochem.. 199: 713-722 
(1991)] 

A distinct 33 kDa glycogen binding subunit (Gi_ or PPP1 R4). which is only 23% identical to the N-terminal portion 
of G,^. targets PPl to glycogen in liver [Moorhead et al.. FEBS Lett. . 362 101-105 (1994): Doherty et al.. FEBS Lett . 

'20 375:264-289(1 995)]. The binding of Gl modulates the activity of PP1 enhancing the rate at which it dephosphorylates 
and activates glycogen synthase and suppressing the rate at which it inactivates phosphorylase, Hormonal regulation 
of the activity of PPl in liver is not known to occur through the phosphorylation of Gl- Instead, the hormone glucagon 
(acting via cyclic AMP and protein kinase A) and a-adrenergic agonists (acting via Ca^^j increase the levels of phos- 
phorylase a. which to binds Gl and potently inhibits PPl at nanomolar concentrations. This inhibition is thought to be 

2S allosteric since the for phosphorylase as a substrate of PPl is in the micromolar range. Insulin acts by lowering 
the level of cyclic AMP in liver, thereby decreasing the level of phosphorylase a and relieving the inhibition of PPI-Gi_ 
complex Glycogen synthesis in liver is also stimulated by glucose which binds to phosphorylase a increasing the 
rate at which it is dephosphorylated 

Several other targeting subunits of PP1 have now been identified in mammals and these include the myosin binding 

-^0 targeting complex (comprising an M-,10 ^nd \^2^ subunit) of smooth muscle, which enhances the dephosphorylation of 
myosin light chains by PPl and is involved in the relaxation of smooth muscle [D. Alessi et al. Eur. J. Biochem., 210 . 
1 023-1 035 (1 992) Y H Chen et al FEBS Lett. . 356:51 .55 (1 994)]. A distinct myosin targetting subunit of PPl is present 
in striated muscles [P. Dent et ai. Eur. J. Biochem . 210 1037-1044 (1992)1 A p53 binding protein (53BP2) [N R Helps 
et al. FEBS Lett. 377: 295-300 (1 995)]. a nuclear protein NIPP-1 [A Van Eynde et ai . J. Biol. Chem.. 270 :28066-28074 

-^5 (1995)] and an RNA splicing factor PSF1 [K Hirano et al. FEBS Lett. . 389 : 191-194(1996)] have been shown to bind 
to PPl. The retinoblastoma gene product [T Durphee et al.. Genes Dev . 7:555-569 (1993)]. ribosomal proteins L5 [K. 
Hirano et al . J. Biol. Chem. . 270:19766-19790 (1995)] and RIPP-1 [Buellens et al. Eur J Biochem.. 239 :163-169 
(1996)] and a 110 kDa nuclear protein yet to be identified [I. Jagiello et al J. Biol. Chem. . 270 17257-1 7263 (1995)] 
are also reported to interact with PPl The small cytosolic proteins, inhibitor-1 . inhibitor-2 and DARPP-32 inhibit PPl 

50 [P Cohen, Annu. Rev. Biochem. . 56:453-506 (1 969)] A complex between inhibitor-2 and PPl has been isolated More 
recently, inhibitor-2 has been shown to act like a molecular chaperon to fold PPl into its native conformation [D R 
Alessi et al. Eur. J Biochem . 213:1055-1066 (1993): C MacKintosh et al. FEBS. Lett. . (1996) in press] . A number of 
distinct PP1 targeting subunits have also been identified in yeast [M J R, Stark. Yeast (1 996) in press]. 

Sites on the glycogen and myofibrillar targeting subunits which bind to PPl have been localized [D F Johnson et 

^5 al Eur, J, Biochem. , 239:317-325 (1996)] and a 13 residue peptide containing a RVXF motif common to many of the 
PP 1 binding subunits has been crystallized as a complex with PPl [M Egloff et al EMBO J , (1997) submitted] 

Known PPl subunits play a role in the regulation of glycogen metabolism and thus novel PPl subunit proteins 
agonists or antagonists thereof are anticipated to be beneficial in many diseases which involve resistance to the action 
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of insulin on glycogen synthesis Such disorders uTcludc without limitation diabetes mcllitus obesity essential hypcf- 
tension dyslipidaomia and premature atherosclerosis among others 

There thus exists a need in the art for a variety of PP1 binding proteins antagonists and agonists thereof as well 
as compositions and methods for the use of same 

SUMMARY OF THE INVENTION 



In one aspect the present invention provides polypeptides, inter aha. that have been identified as novel PPI binding 
subunit polypeptides of human origin as well as biologically active and diagnostically or therapeutically useful frag- 
^0 ments. variants, analogs and derivatives thereof variants and derivatives of the fragments and analogs of the fore- 
going These polypeptides have been identified as PP1 binding subunit polypeptides e g., by homology between the 
ammo acid sequence set out in Figs 1A-1B and known ammo acid sequences of other proteins such as G,^ and 
(see Fig 4). In one embodiment the present invention provides a novel human PPI binding subunit which contains 
the PPI binding motif, modulates the specificity of PP1 and is related to Gl, but has a much wider tissue distribution 
?5 This binding subunit is referred to as PPP1 R5 in accordance with the human genome nomenclature [P T W Cohen, 
Adv, Prot Phosphatases . 8:371-376 (1996)] 

In another aspect of the present invention, there are provided non-naturally occurring synthetic, isolated and/or 
recombinant PPP1R5 polypeptides, fragments consensus fragments and/or sequences having conservative ammo 
acid substitutions of the PPP1R5 of the present invention These polypeptides may bind PPI. or may also modulate. 
20 quantitatively or qualitatively. PPP1 R5 ligand binding. 

In another aspect, the present invention provides synthetic, isolated or recombinant polypeptides which are de- 
signed to inhibit or mimic various PPP1R5 proteins or fragments thereof 

In another aspect of the invention, there are provided isolated nucleic acid molecules encoding PPP1 R5 polypep- 
tides, particularly human PPP1R5 Such molecules include polynucleotides. mRNAs. DNAs. cDNAs. genomic DNAs 
25 and fragments thereof, as well as analogs and biologically active and diagnostically or therapeutically useful variants, 
analogs or derivatives thereof, including fragments of the variants, analogs and derivatives 

In a particularly preferred embodiment of this aspect of the invention, the polynucleotide comprises the region 
encoding human PPP1R5 in the sequence set out in Figs. 1 A-1 B [SEQ ID NOS: 1 and 2] Among the particularly 
preferred embodiments of this aspect of the invention are naturally occurring allelic variants of human PPP1R5. 
30 In yet another aspect of the present invention, there is provided an isolated nucleic acid molecule encoding a 

mature polypeptide expressible from the human cDNA contained in plasmid pHGBDX21 . 

In still another aspect, this invention provides nucleic acid probes comprising nucleic acid molecules of sufficient 
length to specifically hybridize to nucleic acid sequences of the present invention e.g.. human PPP1 R5 sequences. 
In another aspect, the invention provides a process for producing the aforementioned polypeptides, polypeptide 
35 fragments, variants and derivatives, fragments of the variants and derivatives, and analogs of the foregoing In a pre- 
ferred embodiment, the invention provides methods for producing the aforementioned PPP1R5 polypeptides by re- 
combinant techniques comprising culturing recombinant prokaryotic and/or eukaryotic host cells, containing (i.e , hav- 
ing expressibly incorporated therein) a nucleic acid sequence encoding a polypeptide of the present invention under 
conditions permitting expression of human PPP 1 R5 polypeptide in the host and then recovering the expressed polypep- 
40 tide. 

In still another aspect, the invention provides products, compositions, processes and methods that utilize the afore- 
mentioned polypeptides and polynucleotides for research biological, clinical and therapeutic purposes mter alia. 
PPP1 R5 polypeptides, particularly human PPP1 R5 polypeptides, may be employed for therapeutic purposes including, 
but not limited to, treatments of many diseases which involve resistance to the action of insulin on glycogen synthesis 

45 Such disorders include, without limitation, diabetes mellitus. obesity, essential hypertension, dyslipidaemia and pre- 
mature atherosclerosis, among others. 

Also provided are compositions and methods that can be useful as potential modulators of PPP1R5 function, by 
binding to PP1 , other ligands, and/or modulating ligand binding, and which due to their expected biological properties 
may be used in diagnostic, therapeutic and/or research applications. 

50 In another aspect, the invention provides a method for utilizing these polypeptides and proteins for the screening 

of chemical or natural compounds or ligands thereof which inhibit or stimulate the interaction of the PPP1 R5 polypep- 
tides with PPI. inhibit or stimulate their interaction with other proteins, inhibit or stimulate the translocation of these 
polypeptides to the nucleus and inhibit or stimulate the interaction of these polypeptides with nucleic acid sequences 
In accordance with certain preferred embodiments of this aspect of the invention, there are provided products 

55 compositions and methods, inter alia, for among other things, assessing PPP1R5 expression in cells by determining 
PPP1R5 polypeptides or PPP1 R5-encoding mRNA; treating dysfunctions or diseases including, but not limited to, 
those identified above m vitro, ex vivo or in vivo by exposing cells to PPP1R5 polypeptides or polynucleotides as 
disclosed herein: assaying genetic variation and aberrations such as defects in PPP1 R5 genes: and administering a 



3 



BNSDOCID <EP 0846763A2 I > 



EP 0 846 763 A2 



5V^oia:c tne Dc^ypeD^aes c' t^c prese-^: r^^vent'O^^ ^o^ ;-c veav^ent ct conditio-^.s 'ea:Gc ic mo u'^oe^-exo^ess.c^ c*' 

SM' a iurtner asoec: o' tne O'oscn: inven:,on mere :5 p^cvidea a process o' usmg sjch inhfbiting cc^roconas 
fO' ireaimg conditions associated vvitn over-expression o* *^^Pl R5 

in another aspect o^ the invention there are provided a-viDodies against PPP 1 R5 polypeptioes in:luding human- 
ized antibodies anti-antibodies nnonocionai and polyclonal antibodies !n certain particularly preferreo cmbodinnents 
in this regard the antibodies are nighiy selective for human PPP1 R5 

In yet afurtheraspect thep^esent invention provides agonists to the polypeptides o' the present invention Agonists 
to the polypeptides of the present invention can be used in the treatment of many diseases which involve resistance 
to the action of insulin on glycogen synthesis Such disorders include without limitation diabetes meihtus obesity 
essential hypertension dyslipidaemia and premature atherosclerosis among others Among preferred agonists arc 
molecules that mimic PPP1 R5 that bind to PPl or other PPP1 R5-binding molecules or receptor molecules and that 

7^ ehcit or augment PPP1 R5-induced responses Also among preferred agonists a re molecules that interact with PPP1 R5 
or PPP1 R5 polypeptides or with other modulators of PPP1 R5 activities and thereby potentiate or augment an effect 
of PPP1 R5 or more than one effect of PPP1 R5 

In another aspect of the present invention, there are provided PPP1 R5 antagonists which can be targeted against 
the binding of PPP1R5 with PPl translocation modification of other downstream proteins, and interaction with cts 

20 elements Antagonists of PPPl R5 activity can be used in the treatment of the diseases identified above Among pre- 
ferred antagonists are those which mimic PPP1R5 so as to bind to PP1 or other binding molecules but not elicit a 
PPP1 R5-induced response or more than one PPPl R5-induced response. Also among preferred antagonists are mol- 
ecules that bind to or interact with PPPl R5 so as to inhibit an effect of PPPl R5 or more than one effect of PPPl R5 
or which prevent expression of PPP1R5 

2^ In a further aspect of the invention there are provided compositions comprising a PPP1R5 polynucleotide or a 

PPPl R5 polypeptide for administration to cells in vitrc. to cells ex vivoan6 to cells m vivo, or to a multicellular organism 
In certain particularly preferred embodiments of this aspect of the invention, the compositions comprise a PPP1R5 
polynucleotide for expression of a PPPl R5 polypeptide m a host organism for treatment of disease Particularly pre- 
ferred in this regard is expression in a human patient for treatment of a dysfunction associated with aberrant endog- 

30 enous activity of PPPl R5 

In still another aspect, the present invention provides diagnostic assays for detecting diseases related to overex- 
pression of the polypeptides of the present invention and mutations in the nucleic acid sequences encoding such 
polypeptide For example the sequence of PPPl R5 can be used in diagnostics for the detection of overexpression 
which would be useful in detection of various diseases, including those identified above. 

35 Another aspect of this invention provides a process for utilizing these sequences tn the detection of mutations of 

these PPP1R5 polypeptides as indicators of several of the diseases mentioned above, among others 

A further aspect of the present invention provides a process for utilizing such polypeptides or polynucleotides 
encoding such polypeptides for tn vitro purposes related to scientific research, synthesis of DN A and manufacture of 
DNA vectors 

-^0 Other objects features advantages and aspects of the present invention will become apparent to those of skill in 

the art from the following description It should be understood however, that the following description and the specific 
examples, while indicating preferred embodiments of the invention, are given by way of illustration only Various chang- 
es and modifications within the spirit and scope of the disclosed invention will become readily apparent to those skilled 
in the art from reading the following description and from reading the other parts of the present disclosure 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs 1 A and 1 B illustrate the complementary DNA (cDNA) and predicted protein sequences [SEC ID NOS 1 and 
2) of the human protein phosphatase 1 binding subunit R5 (PPPl R5). Several protein sequences for PPPl R5 may be 
50 selected from SEQ ID NO 2 if the initiating Met codon is at ammo acids 1 6, 20 or 26 of the sequence 

Fig 2 illustrates a comparison of the ammo acid sequence of PPPl R5 [SEQ ID NO: 2] with the glycogen binding 
subunit (Gl) of protein phosphatase 1 from rat liver [SEQ ID NO 3] Identities are shown by vertical lines Conservative 
ammo acid changes are indicated by colons in the following groups (L,I,V): (A G). (S T): (D. E) (Q.N): (R K): (F.Y) 
Residues that are identical in R5 and the glycogen binding subunit (G^^) of human protein phosphatase 1 are 
55 underlined The minimal PPl binding motif is double underlined. 

Fig 3 IS a graph depicting the comparison of the effects of the giutathione-S-transferase (GST)-R5 fusion protein 
and GST-G|_ fusion protein on the phosphorylase phosphatase activity of protein phosphatase 1 The phosphorylase 
phosphatase activities of PPl in the presence of GST-R5 (open squares) and GST-G^ (filled circles) and GST (open 
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tnanglcsi nrc showr^. Activities arc presented hs ri percentage o; the initial PPl activity 

Fig 4 connpares the sequences of PPP1 R5 |SEQ ID NO 2] rat Gl [SEQ ID NO 3] human Gf.^^ [SEQ ID NO 4| 
S cerevisiae GAC1 [SEO ID NO 5) and Rhizopus ory/ae glucoannylase (AMYL) [SEQ ID NO 6] Ammo acids that 
are conserved in ail five proteins are underlined and those that are identical are double underlined 

5 

GLOSSARY 

The following illustrative explanations are provided to facilitate understanding of certain terms used frequently 
herein particularly in the examples The explanations are provided as a convenience and are not meant to limit the 
TO invention 

The term "gene" means the segment of DNA involved in producing a polypeptide chain: it includes regions pre- 
ceding and following the coding region (leader and trailer) as well as intervening sequences (introns) between individual 
coding segments (exons) 

"Digestion" of DNA refers to catalytic cleavage of a DNA with an enzyme, such as but not limited to, a restriction 
^5 enzyme that acts only at certain sequences in the DNA. The various restriction enzymes referred to herein are com- 
mercially available and their reaction conditions, cofactors and other requirements for use are known and routine to 
the skilled artisan 

For analytical purposes, typically 1 microgram of plasmid or DNA fragment is digested with about 2 units of enzyme 
in about 20 microliter of reaction bufter For the purpose of isolating DNA fragments for plasmid construction typically 
20 5 to 50 micrograms of DNA are digested with 20 to 250 units of enzyme in proportionately larger volumes. Appropriate 
buffers and substrate amounts for particular restriction enzymes are described in standard laboratory manuals, such 
as those referenced below, and they are specified by commercial suppliers Incubation times of about 1 hour at 37°C 
are ordinarily used, but conditions may vary in accordance with standard procedures, the supplier's instructions, and 
the particulars of the reaction After digestion, reactions may be analyzed, and fragments may be purified by electro- 
ns phoresis through an agarose or polyacrylamide gel. using welt known methods that are routine for those skilled in the 
art to isolate the desired fragment 

"Genetic element" generally means a polynucleotide comprising a region that encodes a polypeptide or a region 
that regulates replication transcription or translation or other processes important to expression of the polypeptide in 
a host cell, or a polynucleotide comprising both a region that encodes a polypeptide and a region operably linked 
30 thereto that regulates expression, 

Genetic elements may be compnsed within a vector that replicates as an episomal element; that is. as a molecule 
physically independent of the host cell genome. They may be comprised within mini-chromosomes, such as those that 
arise during amplification of transfected DNA by methotrexate selection in eukaryotic cells Genetic elements also may 
be comprised within a host cell genome, not in their natural state but, rather following manipulation such as isolation, 
35 cloning and introduction into a host cell in the form of purified DNA or in a vector, among others. 

"Isolated" means altered "by the hand of man" from its natural state; i.e., that, if it occurs in nature, it has been 
changed or removed from its original environment, or both. For example, a naturally occurring polynucleotide or a 
polypeptide naturally present in a living animal in its natural state is not "isolated" but the same polynucleotide or 
polypeptide separated from the coexisting materials of its natural state is "isolated", as the term is employed herein 
40 With respect to polynucleotides, the term "isolated" means that it is separated from the chromosome and cell in which 
It naturally occurs. 

As part of or following isolation, such polynucleotides can be joined to other polynucleotides such as DNAs, for 
mutagenesis, to form fusion proteins, and for propagation or expression in a host, for instance The isolated polynu- 
cleotides, alone or joined to other polynucleotides such as vectors, can be introduced into host cells, in culture or in 

45 whole organisms Introduced into host cells in culture or in whole organisms, such DNAs still would be isolated, because 
they would not be in their naturally occurring form or environment Similarly the polynucleotides and polypeptides may 
occur in a composition, such as media, formulations, solutions for introduction of polynucleotides or polypeptides (for 
example into cells), compositions or solutions for chemical or enzymatic reactions, for instance, which are not naturally 
occurring compositions, and, therein remain isolated polynucleotides or polypeptides within the meaning of that term 

50 as it IS employed herein. 

"Ligation" refers to the process of forming phosphodiester bonds between two or more polynucleotides, which 
most often are double stranded DNAs Techniques for ligation are well known to the art and protocols for ligation are 
described in standard laboratory manuals and references, such as, for instance, Sambrook et al , MOLECULAR CLON- 
ING, A LABORATORY MANUAL 2nd Ed.; Cold Spring Harbor Laboratory Press. Cold Spring Harbor, New York 1 989. 

55 hereinafter referred to as "Sambrook et al". 

"Oligonucleotide(s)" refers to relatively short polynucleotides Often the term refers to single-stranded deoxynbo- 
nucleotides, but it can refer as well to single-or double-stranded ribonucleotides RNA DNA hybrids and double-strand- 
ed DNAs, among others Oligonucleotides such as single-stranded DNA probe oligonucleotides often are synthesized 
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o:iaes can dc n~rtoe t:;> va'.ctv o' ov^c- '^-cz-^ods ric.ua^nq viUc ^cco'^0;nc^'V. DNA-r-i cd:H:e:: icc^n 1:^^05 ana ic^y 
oxcess'O'" c' C'NAs in ce'is ana c^aa-^is-^s 

■n!::a:iy cne'^icahy syntnes;zea DNAs ^■■■^■■Cr.'iy are cb:H;nea vv'r?^: a 5 onosDhaie Tne 5 e-^as c' suc^ oiiqc^u- 
ciGoliaes a^G not sjbstrates fo^ chosphcaicste^ DCf^a tornnation by ligation reactions thai employ DNA iigases typically 
usee to forn^: recombinant DNA molecijies Where ligation c' such oiigonucieotides is desired a phosphate can be 
added oy standard techniques such hs tnose that employ a kinase and ATP 

The 3^ end o^ a chemically synthesized oligcnucleottde generally has a tree hydroxyl group and in the oresence 
of a iigase sucn as T4 DNA iigase wil; readily form a phosphodiester dond with a 5^ phosphate of another polynucle- 
otide such as another oligonucieotide As is well known this reaction can be prevented selectively where desired by 
removing the 5' phosphates of the other polynucleotide(s ) prior to ligation 

"Plasmids" are genetic elements that are stably inherited without being a part of the chromosome of their host cell 
They may be comprised of DNA or RNA and may be iir^eai- o^ circular Plasmids code for molecules that ensure their 
replication and stable inheritance during cell replication and may encode products of considerable medical agricultural 
and environmental importance For example they code for toxins that greatly increase the virulence of pathogenic 
bacteria They can also encode genes that confer resistance to antibiotics Plasmids are widely used in molecular 
biology as vectors used to clone and express recombinant genes Plasmids generally are designated herein by a lower 
case p preceded and/or followed by capital letters and/or numbers, in accordance with standard naming conventions 
that are familiar to those of skill in the art Starting plasmids disclosed herein are either commercially available, publicly 
available or can be constructed from available plasmids by routine application of well known, published procedures 
Many plasmids and other cloning and expression vectors that can be used in accordance with the present invention 
are well known and readily available to those of skill in the art. Moreover those of skill readily may construct any number 
of other plasmids suitable for use in the invention The properties, construction and use of such plasmids. as well as 
other vectors in the present invention will be readily apparent to those of skill from the present disclosure 

"Polynucleotide(s)" generally refers to any polyribonucleotide or polydeoxyribonucleotide. which may be unmodi- 
fied RNA or DNA or modified RNA or DNA Thus for instance, polynucleotides as used herein refers to among others 
single- and double-stranded DNA. DNA that is a mixture of single- and double-stranded regions single- and double- 
stranded RNA, and RNA that is a mixture of single- and double-stranded regions, hybrid molecules comprising DNA 
and RNA that may be single-stranded or more typically double-stranded or a mixture of single- and double-stranded 
regions In addition, polynucleotide as used herein refers to triple-stranded regions comprising RNA or DNA or both 
RNA and DNA The strands in such regions may be from the same molecule or from different molecules The regions 
may include all of one or more of the molecules but more typically involve only a region of some of the molecules 
One of the molecules of a triple-helical region often is an oligonucleotide 

As used herein the term polynucleotide includes DNAs or RNAs as described above that contain one or more 
3S modified bases. Thus. DNAs or RNAs with backbones modified for stability or for other reasons are polynucleotides 
as that term is intended herein Moreover. DNAs or RNAs comprising unusual bases such as inosine. or modified 
bases such as tritylated bases to name just two examples are polynucleotides as the term is used herein It will be 
appreciated that a great variety of modifications have been made to DNA and RNA that serve many useful purposes 
known to those of skill in the art The term polynucleotide, as it is employed herein, embraces such chemically enzy- 
-^0 matically or metabolically modified forms of polynucleotides, as well as the chemical forms of DNA and RNA charac- 
teristic of viruses and cells, including inter alia simple and complex cells 

"Polypeptides" as used herein includes all polypeptides as described below The basic structure of polypeptides 
IS well known and has been described in innumerable textbooks and other publications in the art The term is used 
herein to refer to any peptide or protein comprising two or more ammo acids joined to each other in a linear chain by 
peptide bonds As used herein, the term refers to both short chains, which also commonly are referred to in the art as 
peptides oligopeptides and oligomers, for example, and to longer chains which generally are referred to in the art as 
proteins of which there are many types 

It will be appreciated that polypeptides often contain ammo acids other than the 20 amino acids commonly referred 
to as the 20 naturally occurring ammo acids and that many ammo acids, including the terminal ammo acids may be 
50 modified in a given polypeptide either by natural processes, such as processing and other post-translational modifi- 
cations, or by chemical modification techniques which are well known to the art The numerous common modifications 
that occur naturally in polypeptides are well described in basic texts and in more detailed monographs, as well as in 
a voluminous research literature, and are well known to those of skill in the art 

Among the known modifications which may be present in polypeptides of the present invention are. without limi- 
55 tation, acetylation acylation. ADP-ribosylation amidation covalent attachment of flavin, covalent attachment of a heme 
moiety, covalent attachment of a nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid derivative 
covalent attachment of phosphotidylinositol cross-linking, cyclization disulfide bond formation demethylation forma- 
tion of covalent cross-links, formation of cystine, formation of pyroglutamate formylation. gamma-carboxyfation gly- 
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cosylation GPI anchor formdtion hydroxylntion lodmation mothylation mynstoylHtion oxidation protcolyttc process^ 
inq phosphorylation prenyiation racemt/ation selenoylatton sulfation transfcr-RNA mediated addition of aminoacids 
to proteins such as arginylation and ubiquitination 

Such modifications are well known to those of skill and have been described in great detail in the scientific literature 
Several particularly common modifications, glycosytation. lipid attachment sulfation, gamma-carboxylation of glutamic 
acid residues, hydroxylation and ADP-ribosylation for instance, are described in most basic texts such as PROTEINS 
- STRUCTURE AND MOLECULAR PROPERTIES, 2nd Ed , T E Creighton. W H Freeman and Company. New York 
1 993 Many detailed reviews are available on this subject, such as those provided by Wold. F "Posttranslational Protein 
Modifications Perspectives and Prospects", pgs 1-12 in POSTTRANSLATIONAL COVALENT MODIFICATION OF 
PROTEINS. B. C Johnson. Ed.. Academic Press. New York 1963: Seifteretal . Meth. Enzvmol . 182 :626-646 (1990) 
and Rattan et al.. Ann N Y Acad. Sci 663:46-62 (1992). 

It IS well known in the art that polypeptides are not always entirely linear For instance, polypeptides may be 
branched as a result of ubiquitination. and they may be circular with or without branching, generally as a result of 
posttranslational events, including natural processing events and events brought about by human manipulation which 
do not occur naturally. Circular branched and branched circular polypeptides may be synthesized by non-translation 
natural processes and by entirely synthetic methods as well 

Modifications can occur anywhere in a polypeptide, including the peptide backbone, the ammo acid side-chains 
and the amino or carboxyl termini. In fact, blockage of the ammo or carboxyl group in a polypeptide, or both, by a 
covalent modification, is common in naturally occurring and synthetic polypeptides and such modifications may be 
present in polypeptides of the present invention. For instance, the amino terminal residue of polypeptides made in E. 
coll, prior to processing, almost invariably will be N-formylmethionine 

The modifications that occur in a polypeptide often will be a function of how it is made For polypeptides made by 
expressing a cloned gene in a host, for instance, the nature and extent of the modifications in large part will be deter- 
mined by the host cell's posttranslational modification capacity and the modification signals present in the polypeptide 
25 amino acid sequence. For instance, as is well known, glycosylation often does not occur in bacterial hosts such as E. 
coli. Accordingly when glycosylation is desired, a polypeptide should be expressed in a glycosylating host, generally 
a eukaryotic cell. Insect cells often carry out the same posttranslational glycosylations as mammalian cells and. for 
this reason, insect cell expression systems have been developed to express efficiently mammalian proteins having the 
native patterns of glycosylation, inter alia. Simitar considerations apply to other modifications, 

1^ will be appreciated that the same type of modification may be present in the same or varying degrees at several 
sites in a given polypeptide. Also, a given polypeptide may contain many types of modifications 

In general, as used herein, the term polypeptide encompasses all such modifications, particularly those that are 
present in polypeptides synthesized by expressing a polynucleotide in a host cell. 

"Variant(s)" of polynucleotides or polypeptides, as the term is used herein, are polynucleotides or polypeptides 
3S that differ from a reference polynucleotide or polypeptide respectively Variants in this sense are described below and 
elsewhere in the present disclosure in greater detail. 

Variants include a polynucleotide that differs in nucleotide sequence from another, reference polynucleotide. Gen- 
erally differences are limited so that the nucleotide sequences of the reference and the variant are closely similar 
overall and. in many regions, are identical. 

As noted below, changes in the nucleotide sequence of the variant may be silent. That is. they may not alter the 
ammo acids encoded by the polynucleotide. Where alterations are limited to silent changes of this type, a variant will 
encode a polypeptide with the same ammo acid sequence as the reference Also as noted below, changes in the 
nucleotide sequence of the variant may alter the amino acid sequence of a polypeptide encoded by the reference 
polynucleotide Such nucleotide changes may result in amino acid substitutions, additions, deletions, fusions and trun- 
cations in the polypeptide encoded by the reference sequence, as discussed below, 

Vanants include a polypeptide that differs in ammo acid sequence from another, reference polypeptide. Generally 
differences are limited so that the sequences of the reference and the variant are closely similar overall and. in many 
regions, are identical 

A variant and reference polypeptide may differ in ammo acid sequence by one or more substitutions, additions, 
deletions, fusions and truncations, which may be present in any combination, 

"Fusion protein" as the term is used herein, is a protein encoded by two, often unrelated, fused genes or fragments 
thereof. European Patent Application No EP-A-O 464 533 [Canadian counterpart Patent Application No 2045869] 
discloses fusion proteins comprising various portions of constant region of immunoglobulin molecules together with 
another human protein or part thereof In many cases, employing an immunoglobulin Fc region as a part of a fusion 
protein is advantageous for use in therapy and diagnosis resulting in. for example, improved pharmacokinetic properties 
[See. eg. European Patent Application No EP-A 0232 262] For some uses it would be desirable to be able to delete 
the Fc part after the fusion protein has been expressed detected and purified Accordingly it may be desirable to link 
the two components of the fusion protein with a chemically or enzymatically cleavable linking region This is the case 
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:c oc used as ant.gen fo^ imrT^unizaifons in drug cj^sccvc^y tcr exar-npie '-^-urna-'^ c-'z:e<ns sjcrns ^ ^-5 ^^ave cgc^ 
*useG witn Fc Don.ons tor use m high-throughput screening assays lo ident'ty antagonists of hiL-5 See C Bennett e^. 
al ^ Mo RecoQ S 52-55 n 995 > and K Johanson e* a J 3ioi Cnem 270 !. 1 5 ^ 945^-947 ■ m995.. 

"hus this invention aisc reiates to geneticaiiy engineered soluble fusion prote^^s comprised of PPFl R5 a portion 
thereof and of various portions of the constant regions of heavy or light chains c- innmunogioDulins of various sub- 
classes (igG IgM IgA IgE) Preferred as an rnnmunoglobulin is the constant part of the heavy chain of human IgG 
particularly IgGI where fusion takes place at the hinge region In a particular embodiment the Fc part can be removed 
s-mply by incorporation of a cleavage sequence which can be cleaved with blood clotting factor Xa Furthermore this 
invention relates to processes for the preparation of these fusion proteins by genetic engineering and to the use thereof 
for diagnosis and therapy A further aspect of the invention also relates to polynucleotides encoding such fusion pro- 
teins 

Membrane-bound receptors are particularly useful in the formation of fusion proteins Such receptors are generally 
characterized as possessing three distinct structural regions an extracellular domain a transmembrane domain and 
a cytoplasmic domain This invention contemplates the use of one or more of these regions as components of a fusion 
protein Examples of such fusion protein technology can be found in International Patent Application Nos W094/2945e 
and W094/22914. 

"Binding molecules" (or otherwise called "interaction molecules" or "receptor component factors") refer to mole- 
cules including ligands. that specifically bind to or interact with polypeptides of the present invention For example. 
PP 1 IS a known binding molecule Such binding molecules are a part of the present invention Binding molecules may 
also be non-naturally occurring such as antibodies and antibody-derived reagents that bind specifically to polypeptides 
of the invention 

As known in the art. "similarity" between two polypeptides is determined by comparing the ammo acid sequence 
and Its consenved amino acid substitutes of one polypeptide to the sequence of a second polypeptide Moreover also 
25 known in the art is "identity" which means the degree of sequence relatedness between two polypeptide or two poly- 
nucleotide sequences as determined by the identity of the match between two lengths of such sequences Both identity 
and similarity can be readily calculated [COMPUTATIONAL MOLECULAR BIOLOGY. Lesk A M, ed. . Oxford University 
Press New York, (1988): BIOCOMPUTING: INFORMATICS AND GENOME PROJECTS Smith. D W ed Academic 
Press New York. (1993): COMPUTER ANALYSIS OF SEQUENCE DATA. PART I, Griffin. A M., and Griffin. H G . eds 
30 Humana Press, New Jersey (1994): SEQUENCE ANALYSIS IN MOLECULAR BIOLOGY von Heinje. G. Academic 
Press (1987): and SEQUENCE ANALYSIS PRIMER Gribskov. M and Devereux J , eds M Stockton Press New 
York (1991 )]. A number of methods exist to measure identity and similarity between two polynucleotide or polypeptide 
sequences. The terms "identity" and "similarity" are well known to skilled artisans [H. Carillo and D Lipton. SIAM J 
Applied Math.^ 48 1 073 (1 958)] Methods commonly employed to determine identity or similarity between two sequenc- 
es es include, but are not limited to. those disclosed in Guide to Huge Computers Marlin J Bishop, ed . Academic Press. 
San Diego. 1994, and H. Canlloand D Lipton, SIAM J Applied Math 48 1073(1988}. Preferred methods to determine 
identity are designed to give the largest match between the two sequences tested Methods to determine identity and 
similarity are codified in computer programs Preferred computer program methods to determine identity and similarity 
between two sequences include but are not limited to GCS program package [J Devereux et al NucI Acids Res 
•^0 12(1) 387 (1984)] BLAST FASTA [S. F. Atschul et al . J Mol.Biol . 215 403 (1990)] 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to novel polypeptides putatively identified as human PPl binding subunit PPP1R5 
^5 polypeptides, and polynucleotides encoding same This identification has been made as a result of ammo acid se- 
quence homology of PPPI R5 toother PPl binding proteins The human protein PPPi R5 identified here is most closely 
related to the rat liver glycogen binding subunit (GJ of PPT i,e, by 42% ammo acid identity. PPP1R5 has a 28% 
identity to the N-terminal region of the glycogen binding subunit G^^ of PP 1 from human skeletal muscle 

The invention relates especially to PPPI R5, a full length clone which covers the putative coding region of a PPl 
50 binding protein based on the above homologies and on other characteristics discussed below PPPI R5 has nucleotide 
and ammo acid sequences [SEQ ID NOS: 1 and 2. respectively] set out in Figs 1 A-1 B See also Example 1 

PPPI R5's fairly low sequence identity to G^ and much wider tissue distribution (see Examples below) indicate that 
It IS unlikely to be the human homolog of Gl- PPP1R5 also differs from Gl m that it does not bind phosphorylase a. 
which IS known to regulate the activity of the PPl -Gl complex Coprecipitation studies demonstrated that PPPI R5 will 
55 form a complex with PPl and inspection of the sequence of PPPI R5 show that it possesses the RVXF motif (double 
underlined in Fig 2) which is mvolved in the binding of G^^ and G^ to PPl [D F Johnson et al, (1996) cited above] 
and is common to a number of other PPl binding proteins PPPI R5 therefore represents a novel PP1 binding protein 

PPP1R5 and Gi_ show similar inhibition of phosphorylase phosphatase activity Therefore like other regulatory 
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subunils of PP1 PPPl R5 mny modulate the specilicity of PP towards particuiar substrates The identification of cDNAs 
encoding PPP1 R5 in a large number of different tissues including liver indicates that unlike Gl which is liver specific 
and GM which is found in muscles (skeletal diaphragm and heart) PPP1R5 provides a function common to many 
tissues The aggregation properties of PPP1 R5 and Gi_ cause PPPl R5 to pellet on centrifugation in both the presence 

s and absence of glycogen However PPPl R5 does contain a region (ammo acids 170-181 of SEQ ID NO: 2) homologous 
to a postulated glycogen binding site in Gf^ [Hubbard and Cohen (1993) cited above] 

Interestingly an extensive region of PPPl R5 which does not contain the RVXF PP1 binding site is conserved in 
Rhizopus oryzae glucoamylase an enzyme which is secreted from the fungus and degrades starch [Y Tanaka et al. 
Agnc Biol. Chem. . 50 965-969 (1966)] An alignment of PPP1R5 (ammo acids 157 to 256 of SEQ ID NO: 2) with the 

^0 sequences of [SEQ ID NO: 3], G,^ [SEQ ID NO: 4], S cerevtsiae GACi [J. M Francois et aL EfVIBO J jn :87-96 
(1992). SEO ID NO: 5] and R oryzae glucoamylase (ammo acids 33-129 of SEQ ID NO: 6) is shown in Fig 4. Since 
ammo acids 26-109 [SEQ ID NO 6] of R oryzae glucoamylase have been shown to adsorb to raw starch [Tanaka 
cited above] and Gi_. G^^, and GACI all bind to glycogen, it seems likely that part of all of the sequence shown in Fig 
4 may be a carbohydrate binding domain S cerevistae GIP2. a PP1 binding protein whose function is unknown, has 

?5 also recently been shown to align to part of this region [J. Tu et al. Molecular and Cellular Biology . J6(8):41 99-4206 
(1996)1 PPP1R5 IS likely to be involved in the regulation of glycogen metabolism in a wide ranges of tissues, besides 
liver and muscle. However, the hormonal regulation of PPP1R5 must differ from that of G,^ and G|_ Neither of the 
serine residues that are phosphorylated in G^^ in response to insulin and adrenalin are conserved in PPP1R5. nor is 
the phosphorylase a binding site which is involved in the allosteric regulation of G^ by hormones Like other regulatory 

20 subunits of PP1 PPPl R5 increases the specificity of PP1 towards particular substrates by modulating its activity. 

Polynucleotides 



The present invention provides an isolated nucleic acid (polynucleotide) which encodes the mature PPP1R5 

25 polypeptide having the deduced amino acid sequence of Figs. 1 A-1 B [SEQ ID NOS: 1 and 2] 

Using the information provided herein, such as the polynucleotide sequence set out in Figs. 1 A-1 B [SEQ ID NO 
1]. a polynucleotide of the present invention encoding human PPP1R5 may be obtained using standard cloning and 
screening procedures Illustrative of the invention, the polynucleotide set out in Figs 1 A-1B [SEQ ID NO: 1] was dis- 
covered in a cDNA library derived from human gall bladder cells using the expressed sequence tag (EST) analysis [M, 

30 D. Adams et al., Science . 252 :1651-1656 (1991): M D. Adams et al , Nature . 355 :632-634 (1992): M. D. Adams et al., 
Nature , 377 Supp;3-1 74(1 995)]. 

Human PPP1R5 of the invention is structurally related to other PP1 binding proteins For example, the cDNA 
sequence of PPP1R5 [Figs. 1 A-1 B and SEQ ID NO: 1] contains an open reading frame encodmg a polypeptide of 317 
amino acids, assuming translation starts at codon number 1 . Alternative protein sequences span amino acids 6-317, 

35 20-31 7 or 26-31 7, producing proteins of 31 2, 298 and 292 amino acids in length respectively, depending on the initiating 
Met The amino acid sequence of human PPPl R5 shows 42% identity to rat liver Gj^and 51% similarity if conservative 
substitutions are taken into account (Fig. 2). PPPl R5 is less similar to Gf^, showing only 27% and 28% Identity to the 
first 285 amino acids of rabbit and human Gf^. respectively. This sequence encodes a protein having a deduced mo- 
lecular weight of between about 36 kDa to about 38 kDa. See. e.g.. Figs. 2 and 4 and Example 1 below. 

-^0 Polynucleotides of the present invention may be in the form of RNA, such as mRNA. or in the form of DNA, including, 

for instance, cDNA and genomic DNA obtained by cloning or synthetic DNA produced by chemical synthetic techniques 
or by a combination thereof. The DNA may be double-stranded or single- stranded. Single-stranded DNA may be the 
coding strand, also known as the sense strand, or it may be the non-coding strand, also referred to as the anti-sense 
strand. 

^5 The sequence which encodes the mature polypeptide may be identical to the coding sequence of the polynucleotide 

shown in Figs, 1A-1B [SEQ ID NO: 1], It also may be a polynucleotide with a different coding sequence, which, as a 
result ofthe redundancy (degeneracy) of the genetic code, also encodes the same mature polypeptide of Figs 1 A-1B 
[SEQ ID NO: 2] 

Polynucleotides of the present invention which encode the polypeptide of Figs, 1A-1B may include, but are not 
50 limited to, the coding sequence for the mature polypeptide, by itself: the coding sequence for the mature polypeptide 
and additional coding sequences^ such as those encoding a leader or secretory sequence, such as a pre-, or pro- or 
prepro-protein sequence: and the coding sequence of the mature polypeptide, with or without the aforementioned 
additional coding sequences, together with additional, non-coding sequences, including, but not limited to. introns and 
non-coding 5' and 3' sequences, such as the transcribed, non-translated sequences that play a role in transcription, 
55 and mRNA processing, including splicing and polyadenylation signals, for example, for ribosome binding and stability 
of mRNA Coding sequences which provide additional functionalities may also be incorporated into the polypeptide 

The present invention also includes polynucleotides wherein the coding sequence for the mature polypeptide may 
be fused in the same reading frame to a polynucleotide sequence which aids in expression and secretion of a polypep- 
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: 3C *'C'^' ^C5* rc -z- ex-.^p^o - leriac seqjcnce vv'^:^- '^'^cio^s hs r: sccoiory seq^e'^.cc 'O' ccn:^o:.:'^q :v.':S;:c^. 
c* n cc'y;:Gpt ac *:c'"" !''e ceM The cO'yceptiae nav^ng a ieaaer secuence is a p^ep^ctc:'^ ana -"nay have ine iGr.ae.- 
seauence ceavea c\ the ^^ost cg!i to fom tne mature form o^ the polypeptide The Doiynuciectides rriay also e'^cooe 
fo' a D^oprotei^ vvnic^. is tne mature proles"-, plus adaaiona^ 5 ammo acid residues A mature protein having a prose^ 
^ quenco is a proprotem and is an inactive fo^m of the protein Once the prosequence is cleaved an active mature protean 
remains 

Thus for instance the polypeptide may be fused in frame to a marker sequence such as a peptide which facilitates 
purification of the fused polypeptide In certain preferred embodiments of this aspect of the invention the marker se- 
quence IS a hexa-histidine peptide such as the tag provided in the pQE-9 vector (Qiagen Inc ) to provide for purification 

'0 of the mature polypeptide fused to the marker in the case of a bacterial host Alternatively for example as described 
in Gentz et a!. Proc Nati Acad Sci , USA 36 821-624 (1969) hexa-histidine provides for convenient purification of 
the fusion protein In other embodiments the marker sequence !S a hemagglutinin (HA) tag. particularly when a mam- 
malian host e g COS-7 cells is used The HA tag corresponds to an epitope derived from influenza hemagglutinin 
protein [see e g Wilson et al Cell 37 767 (19S4)]. Many other such tags are commercially available 

In accordance with the foregoing the term "polynucleotide encoding a polypeptide" as used herein encompasses 
polynucleotides which include by virtue of the redundancy of the genetic code, any sequence encoding a polypeptide 
of the present invention, particularly the human PPP1 R5 having the ammo acid sequence set out in Figs 1 A-1 B [SEQ 
ID NO 2] The term includes onl\ coding sequence for the polypeptide as well as a polynucleotide which includes 
additional coding and/or non-coding sequence The term also encompasses polynucleotides that include a single con- 

20 tinuous region or discontinuous regions encoding the polypeptide (for example, interrupted by introns) together with 
additional regions that also may contain coding and/or non-coding sequences 

The present invention further relates to variants of the herein abovendescnbed polynucleotides which encode for 
fragments analogs and derivatives of the polypeptide having the deduced ammo acid sequence of Figs 1 A-1 B (SEQ 
ID NOS 2) A variant of the polynucleotide may be a naturally occurring variant of SEQ ID NOS 1 and 2. such as a 

^5 naturally occurring allelic variant, or it may be a variant that is not known to occur naturally As known in the art. an 
allelic variant is an alternate form of a polynucleotide sequence which may have a substitution deletion or addition of 
one or more nucleotides which does not substantially alter the function of the encoded polypeptide. Non-naturaily 
occurring variants of the polynucleotide may be made by mutagenesis techniques, including those applied to polynu- 
cleotides cells or organisms 

20 Among variants in this regard are variants that differ from the aforementioned polynucleotides by nucleotide sub- 

stitutions deletions or additions The substitutions deletions or additions may involve one or more nucleotides The 
variants may be altered in coding or non-coding regions or both. Alterations in the coding regions may produce con- 
servative or non-conservative ammo acid substitutions deletions or additions. 

Among the particularly preferred embodiments of the invention in this regard are polynucleotides encoding polypep- 

55 tides having the ammo acid sequence of PPP1R5 as set out in Figs 1A-1B [SEQ ID NO 2] variants, analogs, deriv- 
atives and fragments thereof, and fragments of the variants, analogs and derivatives 

Further particularly preferred in this regard are polynucleotides encoding PPP1R5 variants, analogs derivatives 
and fragments, and variants, analogs and derivatives of the fragments, which have the ammo acid sequence of the 
PPP1R5 polypeptide of Figs 1 A-1B Such polypeptides include those in which several, a few 5 to 10 1 to 5 1 to 3 

'^0 2. 1 or no ammo acid residues are substituted, deleted or added in any combination Especially preferred among these 
are silent substitutions, additions, insertion and deletion variants, which do not alter the properties and activities of the 
PPP1R5 Also especially preferred in this regard are conservative substitutions Most highly preferred are polynucle- 
otides encoding polypeptides having the ammo acid sequence of Figs 1 A-1B, without substitutions 

Further preferred embodiments of the invention are polynucleotides that are at least about 70% identical to a 

-^5 polynucleotide encoding the PPP1R5 polypeptide having the ammo acid sequence set out in Figs 1 A-1B and poly- 
nucleotides which are complementary to such polynucleotides Most highly preferred are polynucleotides that comprise 
a region that is at least 75% identical to a polynucleotide encoding the PPP1 R5 polypeptide and polynucleotides com- 
plementary thereto In this regard, polynucleotides at least 90% identical to the same are particularly preferred and 
those with at least 95% are especially preferred. Furthermore, those with at least 97% are highly preferred and those 

50 with at least 98-99% are most highly preferred with at least 99% being the most preferred 

Particularly preferred embodiments in this respect moreover, are polynucleotides which encode polypeptides 
which retain substantially the same biological function or activity as the mature polypeptide encoded by the cDNA of 
Figs 1A-1B 

The present invention further relates to polynucleotides that hybridize to the herein above-descnbed sequences. 
55 particularly if there is at least 80% identity between the sequences as discussed above In this regard, the present 
invention especially relates to polynucleotides which hybridize under stringent conditions to the herein above-described 
polynucleotides As herein used, the term "stringent conditions" means hybridization will occur only if there is at least 
95% and preferably at least 97°o identity between the sequences 
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As discussed additionaliy herein regarding polynucleotide assays of the invention polynucleotides of the invention 
including PPPl R5 fragments nnay be used as hybridization probes lo: cDNA and genomic DNA to isolate full-length 
cDNAs and genonnic clones encoding PPP1R5 and to isolate cDNA and genomic clones of other genes that have a 
high sequence similarity to the human PPP1 R5 gene and/or similar biological activity Such probes generally will com- 
s prise at least 15 nucleotides Preferably such probes will have at least 30 nucleotides and may have at least 5C nu- 
cleotides Particularly preferred probes will range between 30 and 50 nucleotides The probe may also be used to 
Identify a cDNA clone corresponding to a full length transcript and a genomic clone or clones that contain the complete 
PPP1R5 gene including regulatory and promotor regions exons. and introns 

An example of a screen comprises isolating the coding region of the gene by using the known DNA sequence to 
fo synthesize an oligonucleotide probe Labeled oligonucleotides having a sequence complementary to that of the gene 
of the present invention are used to screen a library of human cDNA genomic DNA or mRNA to determine which 
members of the library the probe hybridizes to 

The polynucleotides which hybridize to the hereinabove described polynucleotides in a preferred embodiment 
encode polypeptides which either retain substantially the same biological function or activity as the mature polypeptide 
?5 encoded by the cDNA of Figs, 1A-1B (SEQ ID NO:1) 

For example such polynucleotides may be employed as probes for the polynucleotide of SEQ ID NO 1 for exam- 
ple, for recovery of the polynucleotide or as a diagnostic probe or as a PGR primer For example the coding region of 
the PPP1R5 gene may be isolated by screening using the known DNA sequence to synthesize an oligonucleotide 
probe A labeled oligonucleotide having a sequence complementary to that of a gene of the present invention is then 
20 used to screen a library of human cDNA. genomic DNA or mRNA to determine the members of the library to which the 
probe hybridizes. 

The polynucleotides and polypeptides of the present invention may be employed as research reagents and ma- 
terials for discovery of treatments and diagnostics to human disease as further discussed herein relating to polynu- 
cleotide assays 

^5 The polynucleotides may encode a polypeptide which is the mature protein plus additional ammo or carboxyl- 

terminal amino acids, or amino acids interior to the mature polypeptide (when the mature form has more than one 
polypeptide chain, for instance) Such sequences may play a role in processing of a protein from precursor to a mature 
form may facilitate protein trafficking, may prolong or shorten protein half-life or may facilitate manipulation of a protein 
for assay or production, among other things. As generally is the case in situ, the additional ammo acids may be proc- 

30 essed away from the mature protein by cellular enzymes A precursor protem. having the mature form of the polypeptide 
fused to one or more prosequences. may be an inactive form of the polypeptide When prosequences are removed, 
such inactive precursors generally are activated. Some or all of the prosequences may be removed before activation 
Generally, such precursors are called proproteins. 

In sum. a polynucleotide of the present invention may encode a mature protein, a mature protein plus a leader 

35 sequence (which may be referred to as a preprotein), a precursor of a mature protein having one or more prosequences 
which are not the leader sequences of a preprotein. or a preproprotein. which is a precursor to a proprotein, having a 
leader sequence and one or more prosequences. which generally are removed during processing steps that produce 
active and mature forms of the polypeptide 



40 Polypeptides 

The present invention relates to a human PPP1R5 polypeptide which has the deduced ammo acid sequence of 
Figs. 1 A-1 B [SEQ ID NO: 2] The invention also relates to variants, analogs derivatives and fragments of these polypep- 
tides, and variants, analogs and derivatives of the fragments. The terms "fragment," "derivative" and "analog" when 

-^5 referring to the polypeptide of Figs 1 A-1 B. means a polypeptide which retains essentially the same biological function 
or activity as such polypeptide, i.e., functions as a PPP1 R5. or retains the ability to bind PP1 or other binding molecules 
Thus, an analog includes, for example, a proprotein which can be activated by cleavage of the proprotein portion to 
produce an active mature polypeptide The polypeptide of the present invention may be a recombinant polypeptide, a 
natural polypeptide or a synthetic polypeptide. In certain preferred embodiments, it is a recombinant polypeptide 

^0 The fragment, derivative or analog of the polypeptide of Figs. 1 A-1 B or that encoded by the deposited cDN A may 

be (I) one in which one or more of the ammo acid residues are substituted with a conserved or non-conserved amino 
acid residue (preferably a conserved amino acid residue) and such substituted amino acid residue may or may not be 
one encoded by the genetic code: (li) one in which one or more of the ammo acid residues includes a substituent group: 
(ill) one in which the mature polypeptide is fused with another compound such as a compound to increase the half- 

55 life of the polypeptide (for example, polyethylene glycol): or (iv) one in which the additional amino acids are fused to 
the mature polypeptide such as a leader or secretory sequence or a sequence which is employed for purification of 
the mature polypeptide or a proprotein sequence Such fragments derivatives and analogs are deemed to be within 
the scope of those skilled in the art from the teachings herein 
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c ..^H'"^ 1 ^5 se: 3^; ^ 'A-'BnsSEC 2 \C 2 vacant s ana cos Ge":va:ivGS a^^c ''nO^^c^tb V'^coo' r-z^a 
va':a'"is anaicgs anc ae^'va:;ves o' tnc ''rag'^ents Ferine' oariiCjiariy prete^reo eTDOdirnents of the mveniic"^ in miS 
^egaras are poiypepliaes naving ine am^nc acc secuence c' h'^^an ^■^P^ ^5 se: c^! m f^igs i A-i B as SEC "D NO 
2 variants analogs aenvatives and fragments tnereo: and variants analogs and derivatives of the fragnnents which 
^etain the activity lunction of this enzyme 

Among preferred variants are those that vary from, a reference by conservative ammo acid substitutions Such 
substitutions are those that substitute a given ammo acia in a polypeptide by another ammo acia of like characteristics 
Typically seen as conservative substitutions are the replacements one for another among the aliphatic ammo acids 
Ala Va! Leu and lie. interchange of the hydroxyl residues Ser and Thr exchange of the acidic residues Asp and Glu 
substitution between the amide residues Asn and Gin exchange of the baste residues Lys and Arg and replacements 
among the aromatic residues Phe and Tyr 

Further particularly preferred in this regard are vanants analogs derivatives and fragments and variants analogs 
and derivatives of tne fragments having the ammo acid sequence ofthe PPP1 R5 of Figs 1A-1B in which several a 
few 5 to 1 0 1 to 5 1 to 3 2 1 or no ammo acid residues are substituted, deleted or added m any combination 
Especially preferred among these are silent substitutions additions and deletions which do not alter the properties 
and activities of the PPPl R5 Also especially preferred in this regard are conservative substitutions Most highly pre- 
ferred are polypeptides having the ammo acid sequence of Figs 1 A-1B [SEQ ID NO: 2] without substitutions 

The polypeptides and polynucleotides of the present invention are preferably provided m an isolated form and 
20 preferably are purified to homogeneity 

The polypeptides ofthe present invention include the polypeptide of SEQ ID NO 2 (in particular the mature polypep- 
tide) as well as polypeptides which have at least about 70% identity to the polypeptide of SEQ ID NO: 2 and more 
preferably at least 30% similarity (more preferably at least 80% identity) to the polypeptide of SEQ ID NO: 2 and still 
more preferably at least 90°o similarity (still more preferably at least 90% identity) to the polypeptide of SEQ ID NO: 2 
25 and also include portions of such polypeptides with such portion of the polypeptide generally containing at least 30 
ammo acids and more preferably at least 50 ammo acids 

Fragments or portions of the polypeptides of the present invention may be employed for producing the correspond- 
ing full-length polypeptide by peptide synthesis: therefore the fragments may be employed as intermediates for pro- 
ducing the full-length polypeptides Fragments or portions of the polynucleotides of the present invention may be used 
^0 to synthesize full-length polynucleotides of the present invention Fragments may be "free-standing " i.e not part of 
or fused to other ammo acids or polypeptides, or they may be comprised within a larger polypeptide of which they form 
a part or region. When comprised withm a larger polypeptide, the presently discussed fragments most preferably form 
a single continuous region. However, several fragments may be comprised within a single larger polypeptide. For 
instance certain preferred embodiments relate to a fragment of a PPP1 R5 polypeptide of the present comprised within 
35 a precursor polypeptide designed for expression in a host and having heterologous pre- and pro-polypepttde regions 
fused to the ammo terminus of the PPP1 R5 fragment and an additional region fused to the carboxyl terminus of the 
fragment Therefore fragments in one aspect of the meaning intended herein, refers to the portion or portions of a 
fusion polypeptide or fusion protein derived from PPPl R5 

As representative examples of polypeptide fragments of the invention there may be mentioned those which have 
40 from about 5-15. 10-20 15-40 30-55. 41-75. 41-80. 41-90. 50-100. 75-100. 90-115. 100-125. and 1 1 0-1 1 3 ammo acids 
m length In this context "about" includes the particularly recited range and ranges larger or smaller by several a few 
5 4, 3 2 or 1 ammo acid residues at either extreme or at both extremes For instance, about 40-90 ammo acids in this 
context means a polypeptide fragment of 40 plus or minus several, a few, 5. 4. 3 2 or 1 ammo acid residues to 90 plus 
or minus several a few, 5. 4 3. 2 or 1 ammo acid residues, i e . ranges as broad as 40 mmus several amino acids to 
-^5 90 plus several ammo acids to as narrow as 40 plus several ammo acids to 90 minus several ammo acids Highly 
preferred in this regard are the recited ranges plus or minus as many as 5 ammo acids at either or at both extremes 
Particularly highly preferred are the recited ranges plus or minus as many as 3 ammo acids at either or at both the 
recited extremes Especially particularly highly preferred are ranges plus or minus 1 ammo acid at either or at both 
extremes or the recited ranges with no additions or deletions Most highly preferred of all in this regard are fragments 
50 from about 5-15, 10-20 15-40, 30-55 41-75. 41-80. 41-90. 50-100, 75-100 90-115 100-125 and 11 0-1 1 3 ammo acids 
long 

Among especially preferred fragments of the invention are truncation mutants of PPP1R5 Truncation mutants 
include PPP1R5 polypeptides having the ammo acid sequence of Figs 1A-1B or of variants or derivatives thereof 
except for deletion of a continuous series of residues (that is, a continuous region part or portion) that includes the 
55 amino terminus, or a continuous series of residues that includes the carboxyl terminus or as in double truncation 
mutants deletion of two continuous series of residues one including the amino terminus and one including the carboxyl 
terminus Fragments having the size ranges set out above also are preferred embodiments of truncation fragments 
which are especially preferred among fragments generally 
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Also preferred in this aspect ol the invention arc fragments characten/ed by structufal or functionai attributes ol 
PPP1R5 Preferred embodiments of the invention in this regard include fragments if available that comprise alpha- 
helix and alpha-helix forming regions ("alpha-regions") beta-sheet and beta-sheet-forming regions ("beta-regions" j 
turn and turn-forming regions ("turn-regions") coil and coil-forming regions ("coil-regions") hydrophilic regions hydro- 
5 phobic regions, alpha amphipathic regions beta amphipathic regions, flexible regions surface-forming regions and 
high antigenic index regions of PPP1R5 Among highly preferred fragments in this regard are those that comprise 
regions of PPPl R5 that combine several structural features such as several of the features set out above Such regions 
may be comprised within a larger polypeptide or may be by themselves a preferred fragment of the present invention 
as discussed above It will be appreciated that the term "about" as used in this paragraph has the meaning set out 
10 above regarding fragments in general 

Further preferred regions are those that mediate activities of PPP1R5 Most highly preferred in this regard are 
fragments that have a chemical, biological or other activity of PPP1R5. including those with a similar activity or an 
improved activity, or with a decreased undesirable activity. Highly preferred in this regard are fragments that contain 
regions that are homologs in sequence, or in position, or in both sequence and to active regions of related polypeptides 
15 such as the human G,^ or rat G|_ polypeptides. Among particularly preferred fragments in these regards are truncation 
mutants, as discussed above or fragments comprising various domains of the polypeptide 

It will be appreciated that the invention also relates to among others polynucleotides encoding the aforementioned 
fragments, polynucleotides that hybridize to polynucleotides encoding the fragments, particularly those that hybridize 
under stringent conditions, and polynucleotides, such as PGR primers, for amplifying polynucleotides that encode the 
20 fragments In these regards, preferred polynucleotides are those that correspond to the preferred fragments as dis- 
cussed above 

Vectors, Host Cells. Expression 

25 The present invention also relates to vectors which include polynucleotides of the present invention host cells 

which are genetically engineered with vectors of the invention and the production of polypeptides of the invention by 
recombinant techniques. 

Host cells can be genetically engineered to incorporate polynucleotides and express polypeptides of the present 
invention. For instance, polynucleotides may be introduced into host cells using well known techniques of infection. 

30 transduction, transfection, transvection and transformation. Unless otherwise stated, transformation was performed 
as described in the method of Graham. F. and Van der Bb. A. Virology , 52 :456-457 (1973). 

The polynucleotides may be introduced alone or with other polynucleotides. Such other polynucleotides may be 
introduced independently, co-introduced or introduced joined to the polynucleotides of the invention Thus, for instance, 
polynucleotides of the invention may be transtected into host cells with another separate polynucleotide encoding a 

35 selectable marker, using standard techniques tor co-transtection and selection in. for instance, mammalian cells In 
this case the polynucleotides generally will be stably incorporated into the host cell genome. 

Alternatively, the polynucleotides may be joined to a vector containing a selectable marker for propagation in a 
host. The vector construct may be introduced into host cells by the aforementioned techniques. Generally a plasmid 
vector IS introduced as DNA in a precipitate, such as a calcium phosphate precipitate or in a complex with a charged 

^0 lipid Electroporation may also be used to introduce polynucleotides into a host. If the vector is a virus, it may be 
packaged in vitro or introduced into a packaging cell and the packaged virus may be transduced into cells. A wide 
variety of techniques suitable for making polynucleotides and for introducing polynucleotides into cells in accordance 
with this aspect of the invention are well known and routine to those of skill in the art Such techniques are reviewed 
at length in Sambrook et aL which is illustrative of the many laboratory manuals that detail these techniques 

-^5 In accordance with this aspect of the invention the vector may be, for example, a plasmid vector a single or double- 

stranded phage vector, or a single or double-stranded RNA or DNA viral vector Such vectors may be introduced into 
cells as polynucleotides, preferably DNA, by well known techniques for introducing DNA and RNA into cells. The vec- 
tors, in the case of phage and viral vectors may also be and preferably are introduced into cells as packaged or en- 
capsidated virus by well known techniques for infection and transduction. Viral vectors may be replication competent 

50 or replication defective In the latter case, viral propagation generally will occur only in complementing host cells 

Preferred among vectors, in certain respects, are those for expression of polynucleotides and polypeptides of the 
present invention. Generally such vectors comprise cis-acting control regions effective for expression in a host oper- 
atively linked to the polynucleotide to be expressed Appropriate trans-acting factors are either supplied by the host, 
supplied by a complementing vector or supplied by the vector itself upon introduction into the host 

55 In certain preferred embodiments in this regard, the vectors provide for specific expression. Such specific expres- 

sion may be inducible expression or expression only in certain types of cells or both inducible and cell-specific expres- 
sion Particularly preferred among inducible vectors are vectors that can be induced for expression by environmental 
factors that are easy to manipulate such as temperature and nutrient additives A variety of vectors suitable to this 
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.^spcc; z'' '%c'^: -^c ..c '"^^ cc^s: vo h^^c '^::^c;c e cxc^ess vecio's '3' ^sc ;:'c^-:'yc:'C h'^c e...<r:'\'c:.c 
"^osis rix- WO' Known d^^a e^^pioyec rc./. '"^o!y oy t'^^ose o'' ski!' tn t^c h^: 

Tne eno-^GC^ec nos: ce- s can De c-^ :^^eG cc'"ven:onh' nj'/;en: nnedia wniC -^av oe moci-'ec as apc^ocriato 
ic inter aha act'vaiing p^o^^oie^s seiecvng iransfornnants or annpiifying genes Cu!:ure conditions such as lennpe'- 
ature pH and the like previously used wil"' the host cell selected for expression generally wiM be suitable for expression 
of polypepiiaes o' the present invention" as wm'I be apparent to those of skill m the ar: 

A great variety of expression vectors can be used to express a polypeptiae of the invention Such vectors include 
chromosomal episomal and virus-denved vectors e g vectors derived from bacterial plasmids bacteriophages yeast 
episomes yeast chromosoma' elements and vrjses such as baculcviruses papova viruses SV40 vaccinia viruses 
'0 adenoviruses fowl pox viruses pseudorabies viruses and retroviruses and vectors derived from combinations thereof 
such as those derived from plasmid and bacteriophage genetic elements cosmids and phagemids Generally any 
vector suitable to maintain propagate or express polynucleotides to produce a polypeptide in a host may be used for 
expression in this regard 

The appropriate DNA sequence may be inserted into the vector by any of a a variety of well-known and routine 

^5 techniques In general a DNA sequence for expression is joined to an expression vector by cleaving the DNA sequence 
and the expression vector with one or more restriction endonucleases and then joining the restriction fragments together 
using T4 DNA ligase Procedures for restriction and ligation that can be used to this end are well known and routine 
to those of skill Suitable procedures in this regard and for constructing expression vectors using alternative techniques 
which also are well known and routine to those skilled in the art. are set forth in great detail in Sambrook et a! 

20 The DNA sequence in the expression vector is operatively linked to appropriate expression control sequencefs). 

including, for instance, a promoter to direct mRNA transcription Representatives of such promoters include the phage 
lambda PL promoter, the E colhac trp and tac promoters the SV40 early and late promoters and promoters of retroviral 
LTRs, to name just a few of the well-known promoters It will be understood that numerous other promoters useful in 
this aspect of the invention are well known and may be routinely employed by those of skill in the manner illustrated 

25 by the discussion and the examples herein 

In general expression constructs will contain sites for transcription initiation and termination, and. in the transcribed 
region a ribosome binding site for translation The coding portion of the mature transcripts expressed by the constructs 
will include a translation initiating AUG at the beginning and a termination codon appropriately positioned at the end 
of the polypeptide to be translated 

30 (n addition the constructs may contain control regions that regulate as well as engender expression Generally 

in accordance with many commonly practiced procedures such regions will operate by controlling transcription. Ex- 
amples include repressor binding sites and enhancers, among others Vectors for propagation and expression generally 
will include selectable markers Selectable marker genes provide a phenotypic trait for selection of transformed host 
cells. Preferred markers include, but are not limited to dihydrofolate reductase or neomycin resistance for eukaryotic 

35 cell culture, and tetracycline or ampicillin resistance genes for cuttunng E. co// and other bacteria Such markers may 
also be suitable for amplification Alternatively, the vectors may contain additional markers for this purpose 

The vector containing the appropriate DNA sequence as described elsewhere herein as well as an appropriate 
promoter and other appropriate control sequences may be introduced into an appropnate host using a variety of well 
known techniques suitable for expression therein of a desired polypeptide Representative examples of appropriate 

^0 hosts include bacterial cells such as E coli. Streptomyces and Salmonella typhimurium cells fungal cells, such as 
yeast cells: insect cells such as Drosophila S2 and Spodoptera Sf9 ceils: animal cells such as CHO COS and Bowes 
melanoma cells, and plant cells Hosts of a great variety of expression constructs are wed known, and those of skill 
will be enabled by the present disclosure to routinely select a host for expressing a polypeptide in accordance with this 
aspect of the present invention 

-^5 More particularly, the present invention also includes recombinant constructs such as expression constructs com- 

prising one or more of the sequences described above The constructs comprise a vector such as a plasmid or viral 
vector into which such a sequence of the invention has been inserted The sequence may be inserted in a forward or 
reverse orientation In certain preferred embodiments in this regard the construct further comprises regulatory se- 
quences including for example a promoter, operably linked to the sequence Large numbers of suitable vectors and 

50 promoters are known to those of skilt in the art. and there are many commercially available vectors suitable for use in 
the present invention 

The following vectors, which are commercially available are provided by way of example Among vectors preferred 
for use in bacteria are pQE70. pQE60 and pQE-9. available from Qiagen: pBS vectors. Phagescript vectors. Bluescript 
vectors pNHSA pNH16a. pNH18A pNH46A available from Stratagene: and ptrc99a pKK223-3. pKK233-3 pDR540 
55 pRIT5 available from Pharmacia Among preferred eukaryotic vectors are pWLNEO pSV2CAT pOG44 pXTl and 
pSG available from Stratagene and pSVKS pBPV pMSG and pSVL available from Pharmacia These vectors are 
listed solely by way of illustration of the many commercially available and well known vectors that are available to those 
of skill in the art for use in accordance with this aspect of the present invention It will be appreciated that any other 
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ptHsmid oi vocloi SLJilribic fo; for oxHmpic irVjoduction mriintcnanco propagalion or expression of a polyr^uclcolide 
or polypeptide of the invention in a host may be used in this aspect of the invention 

Promoter regions can be selected from any desired gene using vectors that contain a reporter transcription unit 
lacking a promoter region such as a chloramphenicol acetyl transferase ("CAT") transcription unit downstream of a 
restriction site or sties for introducing a candidate promoter fragment: i.e a fragment that may contain a promoter As 
IS well known introduction into the vector of a promoter-containing fragment at the restriction site upstream of the CAT 
gene engenders production of CAT activity, which can be detected by standard CAT assays. Vectors suitable to this 
end are well known and readily available Two examples of such vectors include pKK232-e and pCM7 Thus promoters 
for expression of polynucleotides of the present invention include not only well known and readily available promoters 

^0 but also promoters that may be readily obtained by the foregoing technique using a reporter gene 

Among known bacterial promoters suitable for expression of polynucleotides and polypeptides in accordance with 
the present invention are the E colilacl and lacZ promoters the T3 and T7 promoters, the gpt promoter, the lambda 
PR PL promoters and the trp promoter Among known eukaryotic promoters suitable in this regard are the CMV im- 
mediate early promoter the HSV thymidine kinase promoter, the early and late SV40 promoters the promoters of 

'5 retroviral LTRs. such as those of the Rous Sarcoma Virus ("RSV"). and metallothionein promoters, such as the mouse 
metallothionein-l promoter Selection of appropriate vectors and promoters for expression in a host cell is a well known 
procedure and the requisite techniques for construction of expression vectors, introduction of the vector into the host 
and expression in the host are routine skills in the art. 

The present invention also relates to host cells containing the above-described constructs. The host cell can be a 

20 higher eukaryotic cell, such as a mammalian cell, a lower eukaryotic cell, such as a yeast cell, or a prokaryotic cell, 
such as a bacterial cell. Introduction of the construct into the host cell can be effected by calcium phosphate transfection. 
DEAE-dextran mediated transfection. cationic lipid-mediated transfection. electroporation transduction, infection or 
other methods. Such methods are described in many standard laboratory manuals, such as Davis et al BASIC METH- 
ODS IN MOLECULAR BIOLOGY (1986). 

25 Constructs in host cells can be used in a conventional manner to produce the gene product encoded by the re- 

combinant sequence. Alternatively, the polypeptides of the invention can be synthetically produced by conventional 
peptide synthesizers. Mature proteins can be expressed in mammalian cells, yeast bacteria, or other cells under the 
control of appropriate promoters. Cell-free translation systems can also be employed to produce such proteins using 
RNAs derived from the DNA constructs of the present invention. Appropriate cloning and expression vectors for use 

30 with prokaryotic and eukaryotic hosts are described by Sambrook et al. Generally recombinant expression vectors will 
include origins of replication, a promoter derived from a highly-expressed gene to direct transcription of a downstream 
structural sequence, and a selectable marker to permit isolation of vector containing cells following exposure to the 
vector Among suitable promoters are those derived from the genes that encode glycolytic enzymes such as 3-phos- 
phoglycerate kinase ("PGK"). a-factor, acid phosphatase, and heat shock proteins, among others. Selectable markers 

35 include the ampicillin resistance gene of E co//and the trp1 gene of S. cerevisiae. 

Transcription of DNA encoding the polypeptides of the present invention by higher eukaryotes may be increased 
by inserting an enhancer sequence into the vector. Enhancers are cis-acting elements of DNA usually from about 10 
to 300 bp. that act to increase transcriptional activity of a promoter in a given host celLtype. Examples of enhancers 
include the SV40 enhancer, which is located on the late side of the replication ongin at bp 100 to 270. the cytomega- 

^0 lovirus early promoter enhancer, the polyoma enhancer on the late side of the replication origin and adenovirus en- 
hancers 

A polynucleotide of the invention encoding the heterologous structural sequence of a polypeptide of the invention 
generally will be inserted into the vector using standard techniques so that it is operably linked to the promoter for 
expression The polynucleotide will be positioned so that the transcription start site is located appropriately 5' to a 

-^5 ribosome binding site The ribosome binding site will be 5' to the AUG that initiates translation of the polypeptide to be 
expressed Generally, there will be no other open reading frames that begin with an initiation codon usually AUG. and 
lie between the ribosome binding site and the initiation codon. Also, generally there will be a translation stop codon 
at the end of the polypeptide and a polyadenylation signal and transcription termination signal appropriately disposed 
at the 3' end of the transcribed region 

50 Appropriate secretion signals may be incorporated into the expressed polypeptide for secretion of the translated 

protein into the lumen of the endoplasmic reticulum, the periplasmic space or the extracellular environment The signals 
may be endogenous to the polypeptide or heterologous 

The polypeptide may be expressed in a modified form, such as a fusion protein, and may include not only secretion 
signals but also additional heterologous functional regions Thus, for example, a region of additional amino acids 

55 particularly charged ammo acids, may be added to the N-terminus of the polypeptide to improve stability and persistence 
in the host cell during purification or subsequent handling and storage A region may also be added to the polypeptide 
to facilitate purification Such regions may be removed prior to final preparation of the polypeptide The addition of 
peptide moieties to polypeptides to engender secretion or excretion to improve stability and to facilitate purification 
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Sj'tbtio p'CKn'yc: ^ '^osis 'O' D'opa^n'uC/^ '^i"^:g' lancc c exz'css-o-^ c' oc ..C!eol ae& ci-^c poiypeo:.aes 
r.cccaa-cc Vv-:'- t^e i^^ve-^jon ncljcie Escnercn/^j ^^^^ Bacillus suttiiis a^^c Sninronelln 'ypfununjn^ Vn^ojs speC:es 
c* f^sejocmonas. S!rep:oniyces ani Srdr^v/ccc'ccjs a^e aisc sjitaP^c ^05:5 i-^. i^:s regarc Mcecve' many cire^ 
^ '".osis also Known to those of sKili nnay be ennployea \r. this regard 

As a representative but non-iimiting exannpie usefui expression vectors fo^ bacterial use can connprise a selectable 
nnarker and bactenai or.gin of replication derived from ccmnncrcialiy available plasnnids connpnsing genetic elennents 
of the well known cloning vector pBR322 (ATCC 37017) Such comnnercial vectors include for example pKK223-3 
Pharmacia Fine Chemicals Uppsala Sweden) anc GEM1 (f^^romoga Bioiec Madison Wl USA; In these vectors 
the pBR322 "backbone" sections are combined with an appropriate promoter and the structural sequence to be ex- 
pressed 

Following transformation o^ a suitable host strain the host strain is grown to an appropriate cell density Where 
the selected promoter is inducible it is induced by appropriate means (c g temperature shift or exposure to cherrnca! 
inducer) and cells are cultured for an additional period Cells typically then are harvested by centrifugation disrupted 
by physical or chemical means and the resulting crude extract retained for further purification 

Microbial cells employed in expression of proteins can be disrupted by any convenient method including freeze- 
thaw cycling sonication mechanical disruption, or use of cell lystng agents Such methods are well known to those 
skilled in the art 

Various mammalian cell culture systems can be employed for expression, as well Examples of mammalian ex- 
20 pression systems include without limitation, the Cl27 3T3 CHO. HeLa human kidney 293 and BHK cell tines and 
the COS-7 line of monkey kidney fibroblasts, described by Gluzman et al Cell 23: 175 (1961 ) Mammalian expression 
vectors will comprise an origin of replication, a suitable promoter and enhancer and any necessary nbosome binding 
sites potyadenylation sites splice donor and acceptor sites transcriptional termination sequences and 5' flanking 
non-transcribed sequences that are necessary for expression In certain preferred embodiments. DNA sequences 
25 derived from the SV40 splice sites and the SV40 potyadenylation sites are used for required non-transcribed genetic 
elements 

The PPP1R5 polypeptide can be recovered and purified from recombinant cell cultures by well-known methods 
including ammonium sulfate or ethanol precipitation, acid extraction, anion or cation exchange chromatography phos- 
phocellulose chromatography hydrophobic interaction chromatography affinity chromatography hydroxylapatite chro- 

30 matography and lectin chromatography Most preferably, high performance liquid chromatography ("HPLC") is em- 
ployed for purification Well known techniques for refolding proteins may be employed to regenerate active conformation 
when the polypeptide is denatured during isolation and or purification 

Polypeptides of the present invention include naturally purified polypeptides polypeptides produced by chemical 
synthetic procedures, and polypeptides produced by recombinant techniques from a prokaryotic or eukaryotic host. 

35 including, for example, bacterial yeast, higher plant, insect and mammalian cells Depending upon the host employed 
in a recombinant production procedure the polypeptides of the present invention may be glycosylated or non-glyco- 
sylated In addition polypeptides of the invention may include an initial modified methionine residue in some cases 
as a result of host-mediated processes 

PPP1 R5 polynucleotides and polypeptides may be used in accordance with the present invention for a variety of 

-^0 applications, particularly those that make use of the chemical and biological properties of PPP1R5 Additional appli- 
cations relate to diagnosis and to treatment of disorders of cells, tissues and organisms These aspects of the invention 
are illustrated further by the following discussion 



45 



Polynucleotide assays 



This invention is also related to the use of PPP1R5 polynucleotides to detect complementary polynucleotides for 
use for example as a diagnostic reagent. Detection of a mutated form of a gene encoding PPP1R5 associated with 
a dysfunction will provide a diagnostic tool that can add to or define diagnosis of a disease or susceptibility to a disease 
which results from under-expression. over-expression or altered expression of PPP1 R5 Such diseases may include 
50 for example, diseases which involve resistance to the action of insulin on glycogen synthesis Such disorders include 
without limitation, diabetes mellitus. obesity essential hypertension dyslipidaemia and premature atherosclerosis, 
among others 

Individuals carrying mutations in the human PPP1 R5 gene may be detected at the DNA level by a variety of tech- 
niques Nucleic acids for diagnosis may be obtained from a patient's cells such as from blood urine saliva, tissue 
55 biopsy or autopsy material The genomic DNA may be used directly for detection or may be amplified enzymatically 
by using polymerase chain reaction (PCR) [Saiki et al Nature 324:163-166 (19S6)] prior to analysis RNA or cDNA 
may also be used in similar fashion As an example PCR primers complementary to the nucleic aod encoding PPP1 R5 
can be used to identify and analyze PPPI R5 expression and mutations For example deletions and insertions can be 
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detected by a change in si/c oi the amplified product in comparison to the normal genotype Point mutations can be 
idcntilied by hybridizing amplified DNA to radiolabeled PPP1R5 RNA or radiolabeled PPP1R5 antisense DNA se- 
quences Perfectly matched sequences can be distinguished from mismatched duplexes by RNase A digestion or by 
differences in melting temperatures 

s Sequence differences between a reference gene and genes having mutations may also be revealed by direct DNA 

sequencing In addition, cloned DNA segments may be employed as probes to detect specific DNA segments The 
sensitivity of such methods can be greatly enhanced by appropriate use of PGR or other amplification methods For 
example a sequencing primer is used with double-stranded PGR product or a single-stranded template molecule 
generated by a modified PGR The sequence determination is performed by conventional procedures with radiolabeled 

10 nucleotide or by automatic sequencing procedures with fluorescent-tags 

Genetic testing based on DNA sequence differences may be achieved by detection of alterations in electrophoretic 
mobility of DNA fragments in gels, with or without denaturing agents Small sequence deletions and insertions can be 
visualized by high resolution gel electrophoresis. DNA fragments of different sequences may be distinguished on de- 
naturing formamide gradient gels in which the mobilities of different DNA fragments are retarded in the gel at different 

^5 positions according to their specific melting or partial melting temperatures [see. e g Myers et al . Science . 230: 1242 
(1985)] 

Sequence changes at specific locations may also be revealed by nuclease protection assays, such as RNase and 
S protection or the chemical cleavage method [e.g.. Gotten et al.. Proc. Natl Acad. Sci.. USA. 65 :4397-4401 (1 985)] 
Thus, the detection of a specific DNA sequence may be achieved by methods such as hybridization. RNase pro- 

20 tection. chemical cleavage direct DNA sequencing or the use of restriction enzymes (e g , restriction fragment length 
polymorphisms ("RFLP") and Southern blotting of genomic DNA 

The invention provides a process for diagnosing or determining a susceptibility to PPP1 R5-related dysfunctions 
or diseases including, but not limited to. diseases which involve resistance to the action of insulin on glycogen synthesis 
Such disorders include, without limitation, diabetes mellitus, obesity, essential hypertension, dyslipidaemia and pre- 

25 mature atherosclerosis, among others A mutation in the PPP1 R5 gene indicates a susceptibility to such dysfunctions 
or diseases and the nucleic acid sequences described above may be employed in an assay for ascertaining such 
susceptibility Thus, for example, the assay may be employed to determine a mutation in a human PPP1 R5 gene as 
herein described, such as a substitution, deletion, truncation, insertion, frame shift, etc with such mutation being 
indicative of a susceptibility to any of the dysfunctions or diseases recited above. 

30 The invention provides a process for diagnosing such aforementioned PPP1 R5-related diseases comprising de- 

termining from a sample derived from a patient an abnormally decreased or increased level of expression of polynu- 
cleotide having the sequence of Figs, 1A-1B [SEQ ID NO: 1]. Decreased or increased expression of polynucleotide 
can be measured using any of the methods well known in the art for the quantitation of polynucleotides, such as. for 
example. PGR, RT-PGR, RNase protection, Northern blotting and other hybridization methods. In addition to more 

35 conventional gel-electrophoresis and DNA sequencing, mutations can also be detected by in situ analysis, 

Ghromosome assays 

The sequences of the present invention are also valuable for chromosome identification The sequence is specif- 
•^0 ically targeted, to and can hybridize with, a particular location on an individual human chromosome Moreover there 
is a current need for identifying particular sites on the chromosome Few chromosome marking reagents based on 
actual sequence data (repeat polymorphisms) are presently available for marking chromosomal location The mapping 
of DNAs to chromosomes according to the present invention is an important first step in correlating those sequences 
with gene associated disease. 

Briefly, sequences can be mapped to chromosomes by preparing PGR primers (preferably 15-30 bp) from the 
cDNA Gomputer analysis of the 3' untranslated region is used to rapidly select primers that do not span more than 
one exon in the genomic DNA, because primers that span more than one exon could complicate the amplification 
process. These primers are then used for PGR screening of somatic cell hybrids containing individual human chromo- 
somes Only those hybrids containing the human gene corresponding to the primer will yield an amplified fragment 
50 PGR mapping of somatic cell hybrids is a rapid procedure for assigning a particular DNA to a particular chromo- 

some. Using the present invention with the same oligonucleotide primers, sublocalization can be achieved with panels 
of fragments from specific chromosomes or pools of large genomic clones in an analogous manner Other mapping 
strategies that can be used similarly to map to the chromosome include in situ hybridization, prescreening with labeled 
flow-sorted chromosomes and preselection by hybridization to construct chromosome specific-cDNA libraries 
^5 Fluorescence m situ hybridization (FISH) of a cDNA clone to a metaphase chromosomal spread can be used to 

provide a precise chromosomal location in one step This technique can be used with cDNAs as short as 50 to 60 
bases For a review of this technique, see Verma et al,, HUMAN GHROMOSOMES A MANUAL OF BASIG TEGH- 
NIQUES PERGAMON PRESS, NEW YORK. 1988 
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DMA pu'-i':catiOn kit (QiAGEN Inc Cnatswortr CA anc iigatoG to Supe^- Ccs^ cosmic vectc^ ■ S^'^A'^AGENE ^r. 
JO ;a CA DNA is purified using Qiagen Piasmia Purification Kn (QiAGEN Inc Chatswor!:- CAi and > nng labe^ec 
Dv nlC^ translation in the presence of Bioiin-dAT^ using BioNick ^abeling Kit (GibcoBR^ ^ife ^ecnnoiogies Inc Ga t*^- 
e^sb^rg ME): Biotinylation is detected witn GENE-TECT Detection System (CLONTECH laboratories inc Paio Alto 
CA; In situ hybridization is performed on slides using ONCOR Light Hybridization Kit (ONCOR Gaithersberg MD j to 
detect single copy sequences on metaphase chromosomes Peripheral blood of normal donors is cultured for three 
days in RPMI 1640 supplemented with 20°o PCS 3°o PHA ana penicillin.streptomycin synchronized with 10-7 M 
methotrexate for 17 hours and washed twice with unsupplemented RPMI Cells are then incubated with 10-3 M thy- 
'0 midine for 7 hours The cells are arrested tn metaphase after a 20 minute incubation with coicemid (0 5 mg^mt) followed 
by hypotonic lysis in 75 mM KCI for 15 minutes at 37='C Cell pellets are then spun out and fixed in Camoy's fixative 
(3 1 methanol/acetic acid) 

Metaphase spreads are prepared by adding a drop of the suspension onto shdes and air drying the suspension 
Hybridization is performed by adding 100 ngof probe suspended in 10 ml of hybridization mix (50°o formamide 2xSSC 
^5 i°o dextran sulfate) with blocking human placental DNA (1 mg/ml). Probe mixture is denatured for 10 minutes in a 
70='C water bath and incubated for 1 hourat 37°C, before placement on a prewarmed (37°C) slide previously denatured 
tn 70°o formamide/2xSSC at 70'C. dehydrated in ethanol series, and chilled to 4°C 

Slides are incubated for 16 hours at 37^0 in a humidified chamber Slides are washed in 50°o formamide/2xSSC 
for 10 minutes at 41 °C and 2xSSC for 7 minutes at 37°C Hybridization probe is detected by incubation of the slides 
20 with PITC-Avidin (ONCOR, Gaithersberg MD). according to the manufacturer's protocol Chromosomes are counter- 
stained with propridium iodine suspended in mounting medium Slides are visualized using a Lettz ORTHOPLAN 2-epi- 
fluorescence microscope and five computer images are taken using a Imagenetics Computer and Macintosh printer 

Once a sequence has been mapped to a precise chromosomal location, the physical position of the sequence on 
the chromosome can be correlated with genetic map data. Such data are found, for example, in V. McKusick Mendelian 
2S Inheritance in Man (available on line through Johns Hopkins University Welch Medical Library) The relationship be- 
tween genes and diseases that have been mapped to the same chromosomal region are then identified through linkage 
analysis (coinheritance of physically adjacent genes) 

It is then necessary to determine the differences in the cDNA or genomic sequence between affected and unaf- 
fected individuals If a mutation is observed in some or all of the affected individuals but not in any normal individuals 
30 then the mutation is likely to be the causative agent of the disease 

With current resolution of physical mapping and genetic mapping techniques a cDNA precisely localized to a 
chromosomal region associated with the disease could be one of between 50 and 500 potential causative genes as- 
suming 1 megabase mapping resolution and one gene per 20 kb 

Another method of chromosomal location, which was described in Example I, involves overlap of current cDNA 
35 with an assembly of cDNA derived from an EST database This method allowed the discovery that the entire cDNA 
matched known PGR primer pairs The extreme 3' sequence overlapped two sequence tagged site sequences (STS 
identifiers WI-11129 and TIGR-A004S47) which have been localized to chromosome 10q23-24 
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Polypeptide assays 



The present invention also relates to diagnostic assays for detecting levels of PPP 1 R5 protein in cells and tissues 
Such assays may be quantitative or qualitative. Thus, for instance a diagnostic assay in accordance with the invention 
for detecting over-expression of PPP1R5 protein compared to normal control tissue samples may be used to detect 
the presence of a disease/disorder such as those above-recited Assay techniques that can be used to determine 

^5 levels of a protein, such as an PPP1 R5 protein of the present invention, in a sample derived from a host are well-known 
to those of skill in the art Such assay methods include radioimmunoassays, competitive-binding assays Western Blot 
analysis and ELISA assays Among these. ELISAs are frequently preferred An ELISA assay initially comprises pre- 
paring an antibody specific to PPP1 R5, preferably a monoclonal antibody. In addition a reporter antibody generally is 
prepared which binds to the monoclonal antibody The reporter antibody is attached to a detectable reagent such as 

50 a radioactive fluorescent or enzymatic reagent, in this example horseradish peroxidase enzyme 

To carry out an ELISA, a sample is removed from a host and incubated on a solid support e g a polystyrene dish 
that binds the proteins in the sample Any free protein binding sites on the dish are then covered by incubating with a 
non-specific protein such as bovine serum albumin. The monoclonal antibody is then incubated in the dish during which 
time the monoclonal antibodies attach to any PPP1 R5 proteins attached to the polystyrene dish Unbound monoclonal 

55 antibody is washed out with buffer The reporter antibody linked to horseradish peroxidase is placed in the dish resulting 
in binding of the reporter antibody to any monoclonal antibody bound to PPP1 R5 Unattached reporter antibody is then 
washed out Reagents for peroxidase activity, including a colorimetric substrate are then added to the dish Immobilized 
peroxidase linked to PPP1R5 through the primary and secondary antibodies produces a colored reaction product 
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The Hrmounl of color dcvotopcd in h given time period indicates the amount of PPP1 R5 protein present in the sample 
Quantitative results typically are obtained by reference to a standard curve 

A competition assay nnay also be employed wherein antibodies specific to PPP1 R5 are attached to a solid support 
and labeled PPP1 R5 and a sannple derived from the host are passed over the solid support The amount of detected 
f label attached to the solid support can be correlated to a quantity of PPP1 R5 in the sample 

Various options are available for formatting an enzyme assay Such assays enable one to insert into the system 
an unknown compound, which can inhibit the reaction by interacting with the PPP1R5 polypeptide or with PP1, The 
choice of format depends upon the sensitivity required and the purpose of the assay whether it is designed to quantitate 
en/yme levels or to measure inhibition in kinetic studies Regardless of format, such enzyme assays are advantageous 
TO both for automation and for high throughput screening 

Antibodies 

The polypeptides, their fragments or other derivatives, or analogs thereof, or cells expressing them can also be 
?5 used as immunogens to produce antibodies thereto These antibodies can be for example, polyclonal or monoclonal 
antibodies The present invention also includes chimenc single chain, and humanized antibodies as well as Fab 
fragments, or the product of an Fab expression library Various procedures known in the art may be used for the 
production of such antibodies and fragments 

Antibodies generated against the polypeptides corresponding to a sequence of the present invention can be ob- 
20 tained by direct injection of the polypeptides into an animal or by administering the polypeptides to an animal, preferably 
a nonhuman The antibody so obtained will then bind the polypeptide itself. In this manner even a sequence encoding 
only a fragment of the polypeptide can be used to generate antibodies binding the whole native polypeptide. Such 
antibodies can then be used to isolate the polypeptide from tissue expressing that polypeptide. 

For preparation of monoclonal antibodies any technique which provides antibodies produced by continuous cell 
25 line cultures can be used. Examples include the hybridoma technique [G. KohlerandC. Milstetn. Nature , 256 :495-497 
(1975)]. the trioma technique, the human B-cell hybridoma technique [Kozbor et al., Immunology Today, 4:72 (1983)]. 
and the EBV-hybridoma technique [Cole et al., MONOCLONAL ANTIBODIES AND CANCER THERAPY pg 77-96, 
Alan R, Liss. Inc., (1985)], 

Techniques described for the production of single chain antibodies [U,S, Patent No, 4,946778] can also be adapted 
30 to produce single chain antibodies to immunogenic polypeptide products of this invention Also, transgenic mice, or 
other organisms including other mammals, may be used to express humanized antibodies to immunogenic polypeptide 
products of this invention. 

The above-described antibodies may be employed to isolate or to identify clones expressing the polypeptide or 
purify the polypeptide of the present invention by attachment of the antibody to a solid support for isolation and/or 
35 purification by affinity chromatography. 

Antibodies against PPP1 R5 may also be employed to inhibit dysfunctions or diseases which involve resistance to 
the action of insulin on glycogen synthesis such as those disorders identified above, 

PPP1 R5 binding molecules and assays 

40 

PPP1 R5 can be used to isolate proteins which interact with it: and this interaction can be a target for interference 
Inhibitors of protein-protein interactions between PPP1 R5 and PP1 or other factors could lead to the development of 
pharmaceutical agents for the modulation of PPP1R5 activity 

Thus, this invention also provides a method for identification of binding molecules to PPP1 R5, in addition to PP1 , 
45 Genes encoding proteins for binding molecules to PPP1 R5 can be identified by numerous methods known to those of 
skill in the art, for example. Iigand panning and FACS sorting Such methods are described in many laboratory manuals 
such as. for instance Coligan et al , CURRENT PROTOCOLS IN IMMUNOLOGY 1, Chapter 5 (1991) 

For example, the yeast two-hybrid system provides methods for detecting the interaction between a first test protein 
and a second test protein, in vivo, using reconstitution of the activity of a transcriptional activator The method is dis- 
50 closed in U S Patent No. 5,283,173: reagents are available from Clontech and Stratagene, Briefly, PPP1R5 cDNA is 
fused to a Gal4 transcription factor DNA binding domain and expressed in yeast cells, cDNA library members obtained 
from cells of interest are fused to a transactivation domain of Gal4 cDNA clones which express proteins which can 
interact with PPP1R5 will lead to reconstitution of Gal4 activity and transactivation of expression of a reporter gene 
such as Gall -lacZ 

55 An alternative method involves screening of lambda gtl 1 or lambda ZAP (Stratagene) or equivalent cDNA expres- 

sion libraries with recombinant PPP1 R5 Recombinant PPP1 R5 protein or fragments thereof are fused to small peptide 
tags such as FLAG. HSV or GST The peptide tags can possess convenient phosphorylation sites for a kinase such 
as heart muscle creatine kinase or they can be biotinylated Recombinant PPP1R5 can be phosphorylated with 22[P] 
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>-T'C mddc T^on^ cgIis ^riC'Cs: anc a^e incjcatec wiih tne recombinan* PPPlRS washed ana cjNjA cicnos w^'icn 
/^lerac: vvi:^ pF^'R5 isoiated Sucn methods a^e routinely usca by SK:!ied artisans See e g Sambrook et a: c^tec 
a::ovc 

Another method is tne screening of a mammalian expression library in tms method cDNAs are cloned into a vector 
between a mammalian promoter and polyadenylation site and transiently transfected in COS or 293 cells Forty-eight 
hours later the binding protein is detectea by incubation of fixed and washed cells with labeled PPPl R5 in a preferred 
embodiment the PPP1 R5 is iodinated and any bound PPPl R5 is detected by autoradiography See Sims et al Sci- 
ence 241 555-5S9 (1 955) and McMahan et al EMBO J W 2521-2532 (1991 ) In this manner pools of cDNAs con- 
taming the cDNA encoding the binding protein of interest can be selected and the cDNA of interest can be isolated by 
further subdivision of each pool followed by cycles of transient transfection binding and autoradiography 

If the binding protein is secreted its cDNA can be obtained by a similar pooling strategy once a binding or neu- 
tralizing assay has been established for assaying supernatants from, transiently transfected ceils General mtethods lOi 
screening supernatants are disclosed in Wong et al Science 225:510-515 (1955) 

Another method involves isolation of proteins interacting with PPPlRS directly from cells Fusion proteins of 
PPPlRS with GST or small peptide tags are made and immobilized on beads Biosynthetically labeled or unlabeled 
protein extracts from the cells of interest are prepared, incubated with the beads and washed witn buffer Proteins 
interacting with PPPl R5 are eluted specifically from the beads and analyzed by SDS-PAGE Binding partner primary 
ammo acid sequence data are obtained by microsequencing. Optionally, the cells can be treated with agents that induce 
20 a functional response such as tyrosine phosphorylation of cellular proteins An example of such an agent would be a 
growth factor or cytokine such as interleukin-2 

Another method is immunoaffinity purification Recombinant PPPlRS is incubated with labeled or unlabeled cell 
extracts and immunoprecipitated with anti-PPPIRS antibodies The immunoprecipitate is recovered with protein A- 
Sepharose and analyzed by SDS-PAGE Unlabelled proteins are labeled by biotinyiation and detected on SDS gels 
^5 with streptavidin Binding partner proteins are analyzed by microsequencing Further standard biochemical purification 
steps known to those skilled in the art may be used prior to microsequencing 

Yet another alternative method involves screening of peptide libraries for binding partners Recombinant tagged 
or labeled PPPlRS is used to select peptides from a peptide or phosphopeptide library which interact with PPPlRS 
Sequencing of the peptides leads to identification of consensus peptide sequences which might be found in interacting 
30 proteins 

Agonists and antagonists - assays and molecules 

The PPPlRS of the present invention may be employed in a screening process for compounds which activate 
35 (agonists) or inhibit activation (antagonists) of the PPP1 RS polypeptides of the present invention 

One method for screening for agonists or antagonists involves mixing an epitope tagged version of PPPl RS, such 
as the GST-PPP1RS described in Fig 3. and purified PPI and measuring their binding to each other in the presence 
or absence of the putative antagonist This binding assay may be in the form of an ELISA plate assay set up in the 
following manner 

■^0 The GST-PPP1 RS is adhered to the plate directly or via an anti-GST antibody, followed by blocking of additional 

binding sites with a non-specific protein such as Bovine Serum Albumin The wells are then incubated with PPI in the 
presence or absence of the antagonist After a wash step, the bound PPI can be detected via a specific antibody 
indirectly or directly linked to an enzyme such as horseradish peroxidase or alkaline phosphatase An antagonist will 
reduce the amount of binding, whereas an agonist will increase it Manipulation of the level of each protein to enhance 
the detection of such agonists and antagonists is known to practitioners in the art 

The assay could also be configured with PPI on the plate and GST-PPP1 RS or PPPl RS added in the presence 
of antagonist or agonist In addition to antibody detection of PPPl R5 or GST-PPP1 RS bound to the plate, one could 
also measure the activity of PP1 on the plate, since it would be inhibited by bound PPPl RS 

There are other binding formats known to those of skill in the art, including coprecipitation (e g Example 3 below) 
50 and surface plasmon resonance Similar assays could be configured to measure the interaction of PPPl RS with other 
proteins, glycogen, and non-protein entities that might be discovered using the previously described methods 

Methods for detecting agonists or antagonists for the PPPlRS of the present invention include the yeast based 
technology as described in U. S Patent No, 5.452,835 

Examples of potential PPPlRS antagonists include antibodies or in some cases, peptides which bind to the 
55 PPPl RS but do not elicit a response such that the activity of the PPPl RS is prevented 

Potential antagonists also include proteins which are closely related to a ligand of PPPl RS i e a fragment of the 
ligand which proteins have lost biological function and, when binding to PPPl RS elicit no response 

A potential antagonist also includes an antisense construct prepared through the use of antisense technology 
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Antisensc technology can be used to control gene cxprcssiof^ through tnple-holix formation Of antisonsc DNA o' RNA 
both methods of which are based on binding of a poiynucleolide to DNA or RNA For cxan^ipte the 5' coding portion 
of the polynucleotide sequence which encodes for the nnature polypeptides of the present invention is used to design 
an antisense RNA oligonucleotide of from about 10 to 40 base pairs in length A DNA oligonucleotide is designed to 

5 be complementary to a region of the gene involved m transcription (triple helix) [see Lee et al Nuci Acids Res 6 
3073(1979). Cooney et al . Science . 241 456 (1938). and Dervan et al Science 251 1360 (1991 )]. thereby preventing 
transcription and production of the PPP1 R5 The antisense RNA oligonucieotide hybridizes to the mRNA in vivo and 
blocks translation of the mRNA molecule into the PPP1R5 (antisense) (Okano J Neurochem . 56 560 (1991) and 
OLIGODEOXYNUCLEOTIDES AS ANTISENSE INHIBITORS OF GENE EXPRESSION. CRC Press Boca Raton FL 

10 (1968)] The oligonucleotides described above can also be delivered to cells such that the antisense RNA or DNA is 
expressed in vivo to inhibit production of the PPP1 R5 

Another potential antagonist is a small molecule which binds to PPP1 R5, making it inaccessible to PP1 such that 
normal biological activity is prevented. Examples of small molecules include but are not limited to. small peptides or 
peptide-like molecules. The small molecules may also bind the PPI or another interaction protein of the PPP1R5 

?5 polypeptide to prevent binding Examples of small molecules include but are not limited to small peptides or peptide- 
like molecules 

Potential antagonists also include fragments of the PPP1 R5 which bind to the ligand and prevent the tigand from 
interacting with the cytoplasmic PPP1 R5. PPP1 R5 proteins are ubiquitous in the mammalian host and are responsible 
for mediating many biological functions, including many pathologies. Accordingly it is desirous to find compounds and 
20 drugs which stimulate PPP1 R5 on the one hand, and which can inhibit the function of PPP1 R5 on the other hand In 
general, agonists or antagonists for PPP1 R5 are employed for therapeutic and prophylactic purposes for such diseases 
or disorders as those detailed hereinbefore, among others. 

This invention additionally provides a method of treating an abnormal condition related to an excess of PPP1R5 
activity which comprises administering to a subject an inhibitor compound (antagonist) as hereinabove described along 
-5 with a pharmaceutically acceptable carrier in an amount effective to inhibit activation by blocking binding of iigands to 
the PPP1R5. or by inhibiting a second signal, and thereby alleviating the abnormal condition 

The invention also provides a method of treating abnormal conditions related to an under-expression of PPP1 R5 
and its activity, which comprises administering to a subject a therapeutically effective amount of a compound which 
activates the PPP1R5 polypeptide of the present invention (agonist) as described above, in combination with a phar- 
30 maceutically acceptable carrier to thereby alleviate the abnormal condition 

Compositions and Kits 

These PPP1R5 polypeptides, and compounds which activate or inhibit such PPP1R5, may be employed in com- 
35 bination with a suitable pharmaceutical physiologically acceptable carrier Such compositions comprise a therapeuti- 
cally effective amount of the polypeptide or compound, and a pharmaceutically acceptable carrier or excipient. Such 
carriers include but are not limited to, saline, phosphate, buffered saline, dextrose sterilized water, glycerol ethanol 
and combinations thereof. The formulation should suit the mode of administration Selection of an appropriate carrier 
in accordance with the mode of administration is routinely performed by those skilled in the art, 
'^o The invention further relates to pharmaceutical packs and kits comprising one or more containers filled with one 

or more of the ingredients of the aforementioned compositions of the invention. 

Administration 

45 Certain disease pathologies may be partially or completely ameliorated by the systemic clinical administration of 

the PPP1R5 polypeptides of this invention This administration can be in the form of gene therapy (see below) or 
through the administration of PPP1R5 peptides agonists or antagonists synthesized from recombinant constructs of 
PPP1 R5 DNA or from peptide chemical synthesis [Woo et aL Protein Engineering . 3:29-37 (1989)], 

Polypeptides and other compounds of the present invention which activate or inhibit PPP1 R5 may be employed 
50 alone or in conjunction with other compounds, such as therapeutic compounds. 

The pharmaceutical compositions may be administered in any effective convenient manner including tor instance 
administration by topical oral anal, vaginal, intravenous, intraperitoneal, intramuscular subcutaneous, intranasal or 
intradermal routes, among others 

The pharmaceutical compositions generally are administered in an amount effective for treatment or prophylaxis 
55 of a specific indication or indications The amount employed of the subject polypeptide or compound will vary with the 
manner of administration, the employment of other active compounds, and the like, generally being in the range of 
about I mg to 100 mg The amount of compound employed will be determined empirically based on the response of 
cells in vitro and response of experimental animals to the subject polypeptides or formulations containing the subject 



21 



BNSDOCID .-EP 



0846763A2 I > 



10 



EP 0 846 763 A2 

'"^05: Ch505 !ncy ce aa-^ s:e^ea r^-^c^^^: -^c cx:oss c' nco./ ? -T^q ^a cociy ^vG'qh: pc a-iv -^e'e'dC , 
^os-. cases tne aa-Tiinisterea acse is iro'^ aocu: 1C mg Kg to acoji i mg Kg body weight daily W wiN be apc^ec^aieo 
f^a: optirnun^ dosage wiii be aete^rrnnea by siardara r-nei^oas fc eacn treatment modality ana i^^'Oicaiio^ trtkmc nic 
accou'^: :nG indication its sever-ty rOute c' aami'^isfatio^ complicating conditions and tne ike 

Gene tnerapy 

The PPP1 R5 polynucleotides polypeptides agonists and antagonists that are polypeptides may be empioyed in 
accordance with the present invention by expression ot such polypeptides in treatment modalities often referred to as 
"gene therapy" Thus for example ceils from a patient may be engineered with a polynucleotide such as a DNA or 
RNA to encode a polypeptide ex vivo The engineered cells can then be provided to a patient to be treated with the 
polypeptide In this embodiment cells may he engineered ex vivo, for exam.pic by the use of a retrOvMal plasmid vecto; 
containing RNA encoding a polypeptide of the present invention Such methods are well-known in the art and thetr use 
''5 in the present invention will be apparent from the teachings herein 

Similarly ceils may be engineered in vivo for expression of a polypeptide in vivo by procedures known in the art 
For example a polynucleotide of the invention may be engineered for expression in a replication defective retroviral 
vector or adenoviral vector or other vector (e g poxvirus vectors) The expression construct may then be isolated A 
packaging cell is transduced with a plasmid vector containing RNA encoding a polypeptide of the present invention 
20 such that the packaging cell now produces infectious viral particles containing the gene of interest These producer 
cells may be adnninistered to a patient for engineering cells in vivo and expression of the polypeptide in vivo These 
and other methods for administering a polypeptide of the present invention should be apparent to those skilled in the 
art from the teachings of the present invention 

Retroviruses from which the retroviral plasmid vectors hereinabove-mentioned may be derived include, but are 
25 not limited to. Moloney Murine Leukemia Virus Spleen Necrosis Virus. Rous Sarcoma Virus. Han^ey Sarcoma Virus 
Avian Leukosis Virus. Gibbon Ape Leukemia Virus. Human Immunodeficiency Virus. Adenovirus. Myeloproliferative 
Sarcoma Virus, and Mamnnary Tumor Virus In a preferred embodiment, the retroviral plasmid vector is derived from 
Moloney Murine Leukemia Virus 

Such vectors will include one or more promoters for expressing the polypeptide Suitable promoters which may 
30 be employed include, but are not limited to. the retroviral LTR. the SV40 promoter, and the human cytomegalovirus 
(CMV) promoter described in Miller et al.. Biotechniques . 7:960-990 (1989) Cellular promoters such as eukaryotic 
cellular promoters including, but not limited to, the histone RNA polymerase III and b-actin promoters, can also be 
used Additional viral promoters which may be employed include but are not limited to. adenovirus promoters thymidine 
kinase ;TK) promoters, and B19 panyovirus promoters. The selection of a suitable promoter will be apparent to those 
35 skilled in the art from the teachings contained herein 

The nucleic acid sequence encoding the polypeptide of the present invention will be placed under the control of a 
suitable promoter Suitable promoters which may be employed include, but are not limited to, adenoviral promoters, 
such as the adenoviral major late promoter: or heterologous promoters such as the cytomegalovirus (CMV) promoter: 
the respiratory syncytial virus (RSV) promoter inducible promoters, such as the MMT promoter the metallothionein 
^0 promoter: heat shock promoters: the albumin promoter: the ApoAl promoter, human globin promoters: viral thymidine 
kinase promoters, such as the Herpes Simplex thymidine kinase promoter: retroviral LTRs (including the modified 
retroviral LTRs herein above described), the b-actin promoter: and human growth hormone promoters. The promoter 
may also be the native promoter which controls the gene encoding the polypeptide 

The retroviral plasmid vector is employed to transduce packaging cell lines to form producer cell lines Examples 
^5 of packaging cells which may be transfected include but are not limited to, the PE501 PA317, Y-2 Y-AM PA12 
T19-14X, VT-19-17-H2, YCRE, YCRIR GP+E-86. GP+envAm12 and DAN cell lines as described in Miller A Human 
Gene Therapy 1 990, 1 :5-1 4 The vector may be transduced into the packaging cells through any means known in the 
art Such means include but are not limited to, electroporation the use of liposomes, and CaP04 precipitation In one 
alternative, the retroviral plasmid vector may be encapsulated into a liposome or coupled to a lipid, and then admin- 
50 istered to a host 

The producer cell line will generate infectious retroviral vector particles, which include the nucleic acid sequence 
(s) encoding the polypeptides Such retroviral vector particles may then be employed to transduce eukaryotic cells 
either in vitroor in vivo The transduced eukaryotic cells will express the nucleic acid sequence(s) encoding the polypep- 
tide Eukaryotic cells which may be transduced include but are not limited to embryonic stem cells, embryonic carci- 
55 noma cells, as well as hematopoietic stem cells hepatocytes fibroblasts myoblasts keratinocytes. endothelial cells 
and bronchial epithelial cells 
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EXAMPLES 



The present invention is further described by the following examples which are provided solely to illustrate the 
invention by reference to specific embodiments These exemplifications do not limit or circumscribe the scope of the 
5 disclosed invention Certain terms used herein are explained in the foregoing glossary All examples are carried out 
using standard techniques which are wetl known and routine to those of skill in the art. except where otherwise de- 
scribed in detail. Routine molecular biology techniques of the following examples can be carried out as described in 
standard laboratory manuals such as Sambrook et ai All parts or amounts set out in the following examples are by 
weight, unless otherwise specified 

10 

Example 1 - Identification and sequence analysis of the cDNA encoding human protein phosphatase 1 binding subunit 
R5 

A human genome expressed sequence (EST) database derived from over 500 human cDNA libraries [M Adams 
15 et aL Nature . 355:632-634 (1992): M Adams et al. Nature . 377 3-174 (1995)] was searched for sequences related to 
the rat liver glycogen binding subunit (G|_) using the TBLASTN algorithm [S F Altschul et al J Mol. Biol : 215:403- 
410 (1990)] Four overlapping partially sequenced, cDNA sequences identified from different libraries encoded part 
of a protein with significant sequence similarities to rat Gl The protein was called PPP1R5 One of these cDNAs 
pHGBDX21 .. which encoded PPP1 R5 and was derived from a human gall bladder library was completely sequenced 
20 in both directions on an Applied Biosystems 373A automated DNA sequencer using Taq dye terminator cycle sequenc- 
ing The complete sequence of the open reading frame encoded by the pHGBDX21 cDNA is presented in Figs 1A- 
1B[SEQIDNO: 1] 

The complete sequence of Figs. 1 A-1 B was searched against a more recent update of the EST library organized 
into overlapping assemblies, and this identified 56 further ESTs which spanned the entire coding region and an addi- 
25 tional 379 nucleotides (or 1 38 kb) of 3' untranslated region (UTR) not included in the original cDNA. Hence the entire 
mRNA is at least 2.5 kb The extreme 3' UTR sequence also overlapped two tagged site sequences (STS identifiers: 
WI-11129 and TIGR-A004S47) which allows the gene for PPP1R5 to be localized to chromosome 10q23-24 [White- 
head/MIT Center]. 

The predicted PPP1 R5 protein of Figs, 1 A-1 B is 36.4 kDa. comprising 31 7 amino acids, if the initiating methionine 
30 IS at codon 1 rather than codon 6, 20 or 26. An inframe termination codon precedes codon 1 However nucleotide 
sequences immediately preceding codons 6. 20 and 26 conform more closely to the consensus sequence for eukaryote 
translation initiation [M Kozak. J. Biol. Chem. . 266: 19867-19870(1991)] than that preceding codon 1 . Translation may 
therefore start at codon 6 of SEQ ID NO: 2 (Fig. IB), giving rise to a 312 ammo acid protein of 35.8 kDa It is also 
possible that translation starts at amino acid 20. giving rise to a protein of 298 amino acids, or at amino acid 26. giving 
35 rise to a protein of 292 amino acids 

The amino acid sequence of human PPP1 R5 shows 42% identity to rat liver G|_ and 51 % similarity if conservative 
substitutions are taken into account (Fig 2) PPP1 R5 is less similar to GM showing only 27% and 28% identity to the 
first 285 amino acids of rabbit and human GM. respectively. The low degree of similarity of PPP1R5 to G|_ and G^ 
indicates that PPP1 R5 is unlikely to be the human homolog of rat Gl. The glycogen binding subunits from human and 
40 rabbit skeletal muscle show a much higher level of identity (73%) [Chen et al.. (1 994). cited above] 

The different tissue distributions of human PPP1 R5 and rat Gl also indicate that these two proteins are not species 
homologs PPP1 R5 cDNA was identified in cDNA libraries from several adult tissues and cells including gall bladder 
prostate, osteoblasts, retina, smooth muscle, liver kidney, medulla striatum and senescent fibroblasts, several fetal 
tissues including brain, lung, liver, heart, spleen and placenta, and tumor cells such as osteosarcoma, hepatocellular 
45 ovarian and melanocyte tumor cells Additionally, a liver cDNA kindly provided by l,M A G E, consortium. St Louis was 
shown by sequence analysis to encode part of PPP1 R5 

In contrast, GL appeared to be a liver specific protein since its mRNA was present in liver but undetectable in lung, 
brain, heart spleen, skeletal muscle, kidney and testis [Doherty et al. (1995) cited above]. 

Thus, human protein phosphatase 1 binding subunit R5 is related to. but not the homolog of. rat liver glycogen 
50 binding subunit of PP1 . 

Example 2 - Expression of GST-PPP1R5 fusion protein in E.co// and production of antibodies 

In order to determine whether PPP1R5 would bind to PP1 R5 was expressed in E colt as a GST fusion protein 
55 as follows The open reading of PPP1 R5 was amplified by PCR using oligonucleotide 5'-GGGC CATATG AGCTGCAC- 
CAGAATGATC-3' [SEQ ID NO: 7] which creates an Nde I site (underlined) at the initiating methionine codon and 
oligonucleotide 5'-GCGC CTCGAG TCATCGATAAGAGGCCAAGTTC-3' [SEQ ID NO 8] which creates an Xhol site 
(underlined) just 3' of the termination codon The complete coding region of PPP1 R5 was cloned into the prokaryote 
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The oGEX-PPPiRS pias'Tiia was rans^ectec into E co// by conventional technioues tne iransfGclants culturoo 
unde^ appropriate cuit^re conoitions ana G5"-PPF1R5 ^0^ GS^-R5i fusion protein exp-essea ,n E ccli Tne GS"^- 
PPPl R5 protein was Dunfied frorr tne culture by affinity chron^iatography on giutathione-agarose i.Signna) as described 
in Doherty et ai (1995; cited above 250 nng O' soluble GST-PPP1R5 was isolated per liter of bacterial culture 

Antibodies to GST-PPP1 R5 were raised r sbeep ana affinity puntied For nneasurement o' the effect of PPPl R5 
on the PP1 activity contaminating GST ;n the GST-PPP^ R5 preparation was rerT^oved by chronnatography on Superdex 
200 in 50 mM Tris-HCI pH7 5 0 03°c Brij-35 0 1 ""o 2-nnercaptoethanoi GST-PPP1 R5 eluted as a dinner probably 
because GST possesses a dimeric structure 

Additionally a'finity purified antibodies to GST-PPF1 R5 recognized a 36kDa protein on the innmunoblot or rat iiver 
and skeletal muscie extracts whereas iS^kDa; was only detected 'n live^ 

Example 3 - Human PPPl R5 coprecipitates with PP1 . 

Glutathione-aftinity precipitation studies were perfornned as follows The purified GST-PPP1R5 was obtained as 
described in Example 2 Human PPi g [Barker et al Biochtm Biophys Acta 117S 22S-233 ( 1 993)] was expressed in 
E coll an6 purified as described in Alessi et al (1 993). cited above Differing amounts of GST-PPPl R5 and bacterially 
expressed PPI were mcubated in 50 or 100 ml of 50 mM Tris-HCI. pH7 5. containing 150 mM NaCI 0 1 °o (v/v) 2-mer- 
captoethanol 0.02°o (v/v) Bnj 35 and 0 1 mg/ml bovine serum albumin for 1 hour at 4'C 10ml of glutathione-agarose 
beads (Sigma) was added and incubation was continued at 4°C with shaking for 30 minutes After centnfugation, the 
supernatant was removed and the pellet washed twice with I ml buffer (without albumin) then denatured by heating 
in SDS gel loading buffer at 95°C for 5 minutes and analyzed by polyacrylamide gel electrophoresis 
25 SDS polyacrylamide gel analysis of the pellets showed that PPI was precipitated in the presence of GST-PPPl R5 

and GSH-agarose beads but not in control incubations containing only PPI and GSH agarose (data not shown) 

Example 4 - Human PPPl R5 modulates the substrate specificity of PPI 

30 Protein phosphatase assays were performed in the absence of divalent cations as described in Cohen et al. ( 1 986) 

cited above The catalytic subunit PPI g described above in Example 2. was diluted in assay buffer to 1 .5 U/ml (1 .4 
nM). Rabbit skeletal muscle glycogen phosphorylase was ^^p. labelled by phosphorylase kinase to a stoichiometr^ of 
1 mol phosphate per mol subunit as in Cohen et al Meth Enzymol 159 390-408 (1 988) and was lOmM in the assays 
A 0 01 mt aliquot was incubated for 15 minutes at 30'*C with 0 01 ml of the concentrations (0 01 0 1 1,10 100. 

3S 1 000 nM) of the purified bacterially expressed GST-R5. GST-G|_or GST diluted in the same buffer Assays were initiated 
with 0 01 ml 22p. labelled phosphorylase One unit of activity is the amount of enzyme which catalyses the release of 
I mmol of [^2p]phosphate per minute 

As shown in Fig 3 affinity purified GST-PPPl R5 inhibited the phosphorylase phosphatase activity of PPl as 
observed previously for GST-Gl [Doherty et al. (1995) cited above) The amount of inhibition varied with the different 

-^0 preparations of GST-R5 and GST-Gl, probably due to the aggregation of both protein preparations Fig 3 shows that 
inhibition observed with freshly prepared preparation of GST-R5 and GST-Gl was similar with an IC50 of approximately 
1 00 nM Removal of GST which was a major contaminant of the PPPl R5 preparation, did not significantly affect the 
IC50 

Example 5 - Human PPPl R5 does not bind phosphorylase a. 

The glycogen synthase phosphatase activity of the complex of PP with Gl is inhibited by phosphorylase a. the 
inhibition being achieved by the binding of phosphorylase a to the Gl submit [Doherty et al (1 995) cited above] PPPl R5 
was therefore tested for its ability to bind phosphorylase a 

50 An immunoblot was prepared comparing the binding of phosphorylase a to GST-GL and GST-R5 GST-R5 and 

GST-Gl were eiectrophoresed on a 10% polyacrylamide gel transferred to nitrocellulose membranes and either (A) 
probed with 0 01 ml 32p labelled phosphorylase a as described in Doherty et al (1995), cited above and Moorhead et 
al . (1995). cited above or (B) stained with Coomassie blue One lane ran the affinity-purified GST-Gl: a second lane 
ran affinity purified GST- R5 a third lane ran GST-R5 after gel filtration on Superdex 200 for each condition (A) and 

55 (B) The molecular mass markers were phosphorylase \^ (97kDa) bovine serum albumin (66kDa) ovalbumin (43kDa) 
and carbonic anhydrase (29KDa) 

The results of the immunoblot (not shown) indicate that phosphorylase a bound to GST-Gl [1 e a large blot ap- 
peared in lane 1 (A) between the 43 and 66 kDa markers] However phosphorylase a did not bind to GST-PPPl R5 [1 



24 



BNSDOCiD <EP.. 0846763A2 1 > 



EP 0 846 763 A2 



c no blots appears m lanes 2 and 3 of condition (Ai| Under condition (B) a small blot appeared in (anc 1 between 
the 43 and 66 KDa markers and mediurm si/ed blots appeared in lane 2 |i e two blots appeared between the 43 and 
66 kDa markers: and one blot appeared between the 20 and 29 kDa markers One b!ot appeared between the 43 and 
66 kDa markers in Lane 3(B)] 
^ Thus. PPP1R5 IS distinct from m this property and is not regulated by phosphorylase a 

Example 6 - Expression of PPP1 R5 in Mammalian Ceils 

An expression plasmid is made by cloning a cDNA encoding PPP1 R5 into the expression vector pCDN [N Aiyar 
10 et a(. Moi. Cell Biochem . 1 31 :75-86 (1994). incorporated by reference herein] The selection of suitable restriction 
enzymes and techniques for cloning are well-known to those of skill in the art 
The expression vector pCDN contains 

(1) a human cytomegalovirus (CMV) promoter a bovine growth hormone 3' flanking sequence, a polylinker an 
^5 SV40 intron and a polyadenylation signal arranged so that a cDNA can be conveniently placed under expression 

control of the CMV promoter and operably linked to the SV40 intron and the polyadenylation signal by means of 
restriction sites in the polylinker; 

(2) an E. co// origin of replication effective for propagation in E co// and other prokaryotic cells: 

(3) a bacterial neomycin phosphotransferase gene (NEO) expression cassette for geneticin (G418) selection: 
^0 (4) a murine dihydrofolate reductase (DHFR) expression cassette for methotrexate (MTX) amplification; 

(5) ampicillin resistance gene for selection of plasmid-containmg prokaryotic cells; and 

(6) an SV40 origin of replication for propagation in eukaryotic cells 

A DNA fragment encoding the entire PPP1 R5 is cloned into the polylinker region of the vector so that recombinant 
25 protein expression is directed by the CMV promoter The plasmid construction strategy is as follows 

The PPP1R5 cDNA of the plasmid is amplified using primers that contain unique restriction sites. To maximize 
receptor expression, 5' and 3' untranslated regions (UTRs) are removed from the receptor cDNA using the unique 
restriction enzyme prior to insertion into the vector pCDN Since PCR is used to trim the cDNAs. the DNA sequences 
are confirmed prior to expression. 
30 Suitable primers are used in this example. The 5' primer is about 30 bp in length and contains the unique restriction 

site and an AUG start codon. The 3' primer contains about 30 bp and a suitable STOP codon 

The PCR amplified DNA fragment and the vector pCDN, are digested with the restriction enzymes unique to this 
sequence and then ligated The ligation mixture is transformed into E. co// strain SURE (available from Stratagene 
Cloning Systems. La Jolla. CA 92037) the transformed culture is plated on ampicillin media plates which are then 
35 incubated to allow growth of ampicillin resistant colonies 

Plasmid DNA is isolated from resistant colonies and examined by restriction analysis and gel sizing for the presence 
of the PPP1 R5-encoding fragment 

Human embryonic kidney 293 (HEK293) cells are selected to express the HTABK54 receptor For expression of 
recombinant HTABK54. 2X10^ HEK 293 cells are plated in media and incubated overnight at 37°C in a 5% humidified 
40 incubator The next day. 20 mg/plate of the expression vector as described above. DNA is introduced into the cells by 
the calcium phosphate procedure using a mammalian transfection kit according to the manufacturer's instructions or 
using DEAE-DEXTRAN, as described, for instance, in Sambrook et al, cited above. 

Following transfection. the cells were incubated at 37°C in 3% CO2 for 24 hours, washed with warm Dulbecco's 
phosphate buffered saline (DPBS) fed with fresh media and maintained at 37°C in 5% CO2 After overnight incubation. 
^5 the media is removed and replaced with fresh selection media that contains 400 mg/ml G418 to select for cells that 
are stably transformed with the expression vector Selection media is replaced twice weekly for 2-4 weeks until inde- 
pendent cell colonies appear on the dishes. Cell colonies are individually picked and purified by limited dilution, and 
expanded for further analysis The clones are grown in 6 well plates and a clonal cell line expressing human PPP1 R5 
is identified. 

50 Expression is detected by Northern blot analysis. An expression product of the expected size is seen in the cell 

lysate. which is not seen in negative controls (HEK293 cell clones transfected with pCDN vector alone serve as negative 
controls) 

Example 7 - Identification of Ligands or Antagonists 

55 

The expressed PPP1 Rt described above in Examples 1 or 6 is then screened for ligands or antagonists as follows 
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^-^e expressec ^'^^'-^5 s ^'.^ :zec tc screen cc^oc^'-z ca'^^s con^.piex Dic.caica: f jids co'^D'^^c^'.c-i-. cqdnic 
etna ceoiiae libraries eic :c iae'i::fy activating ':qa-as or ar*r.gonisls f^o^ Gxa-r^ipie tne expressed ppp : P5 iS e^^pioyec 
^ tc sc-een a Dank of over 15C cutaiive orphan ligands which connprises [ai' naturally occurring connpounds which rr^ay 
be Duta'jve agonists o-^ antagonists for PPPi R5 (b. nor-nnannr^alian biologically active peptides for vvhicn mere nnay 
be as yet undiscovered rTnamnnaiian counterparts such as savagine urotensin I to connpounds not founa in nature 
but which appear to activate f^Pi binding subunits with unknown natural hgands le g delta 9THC) and others 

Sinniiarly the PPP^RS is screened against tissue extracts c' humari and other nnannmalian species sucn as 
'0 porcine tissue Specifically such tissue extracts include lung liver, gut heart kidney adrenals ischemic brain plasma 
urine and placenta Initial extraction procedures focus on removal of bulk protein via acid or ethanol precipitation to 
bias the separation towards peptides and small molecules that account for a high percentage of known natural ligands 
of PPP1 R5 Subseauently milder extraction procedures a/e used to identify proteins Extraction techniques employed 
in the formation of these tissue banks are known in the art 

15 

B ELISA Plate Assay 

The GST-PPP1R5 (s adhered to the ELISA plate directly or via an anti-GST antibody, followed by blocking of 
additional binding sites with a non-specific protein e g BSA The wells are incubated with PP 1 in the presence or 
20 absence of the antagonist After a wash step, the bound PPl is detected via a specific antibody indirectly or directly 
linked to an enzyme such as horseradish peroxidase or alkaline phosphatase An antagonist reduces the amount of 
binding whereas an agonist increases it Manipulation of the level of each protein to enhance the detection of such 
agonists and antagonists is known to the art 

The assay can be configured with PPl on the plate and GST-PPP1 R5 or PPP1 R5 added in the presence of an- 
25 tagonist or agonist In addition to antibody detection of PPP1R5 or GST-PPP1R5 bound to the plate, the activity of 
PPl on the plate is measured, since it is inhibited by bound PPP1R5. 

Example 8 - Expression of human PPP1 R5 for Gene Therapy 

Fibroblasts are obtained from a subject by skin biopsy The resulting tissue (s placed in tissue-culture medium and 
separated into small pieces Small chunks of the tissue are placed on a wet surface of a tissue culture flask, approxi- 
mately ten pieces are placed in each flask The flask is turned upside down closed tight and left at room temperature 
overnight After 24 hours at room temperature, the flask is inverted: the chunks of tissue remain fixed to the bottom of 
the flask: and fresh media (e.g.. Ham's F12 media, with 10% PBS, penicillin and streptomycin) is added The tissue is 
^5 then incubated at 37°C for approximately one week At this time, fresh media is added and subsequently changed 
every several days After an additional two weeks in culture, a monolayer of fibroblasts emerges The monolayer is 
trypsinized and scaled into larger flasks, 

A vector for gene therapy is digested with restriction enzymes for cloning a fragment to be expressed The digested 
vector IS treated with calf intestinal phosphatase to prevent self-ligation The dephosphorylated linear vector is frac- 
-^0 tionated on an agarose gel and purified 

PPP1R5 cDNA capable of expressing active PPP1R5 is isolated The ends of the fragment are modified, if nec- 
essary, for cloning into the vector For instance, 5' overhanging may be treated with DNA polymerase to create blunt 
ends 3' overhanging ends may be removed using S 1 nuclease. Linkers may be ligated to blunt ends with T4 DNA ligase 
Equal quantities of the Moloney Murine Leukemia Virus linear backbone and the PPP1R5 fragment are mixed 
-^5 together and joined using T4 DNA ligase The ligation mixture is used to transform E. co// and the bacteria are then 
plated onto agar-containing kanamycin Kanamycin phenotype and restriction analysis confirm that the vector has the 
properly inserted gene 

Packaging cells are grown in tissue culture to confluent density in Dulbecco's Modified Eagles Medium (DMEM) 
with 1 0% calf serum (CS) penicillin and streptomycin The vector containing the PPPI R5 gene is introduced into the 

50 packaging cells by standard techniques Infectious viral particles containing the PPP1 R5 gene are collected from the 
packaging cells, which now are called producer cells 

Fresh media is added to the producer cells, and after an appropriate incubation period, media is harvested from 
the plates of confluent producer cells The media containing the infectious viral particles, is filtered through a MILLI- 
PORE filter (Bedford. MA) to remove detached producer cells The filtered media is then used to infect fibroblast cells 

55 Media is removed from a sub-confluent plate of fibroblasts and quickly replaced with the filtered media POLYBRENE 
(Aldrich Chemical Co . Milwaukee Wl) may be included in the media to facilitate transduction After appropriate incu- 
bation the media is removed and replaced with fresh media If the titer of virus is high then virtually all fibroblasts will 
be infected and no selection is required If the titer is low then it is necessary to use a retroviral vector that has a 
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scleclaiDiG marker such as neo Of his to select out transduced celts for expansion 

Engineered fibroblasts may then be injected into rats either aione or after having been grown to confluence on 
microcarrier beads such as CYTODEX 3 beads The injected fibroblasts produce PPP1 R5 product and the biological 
actions of the protein are conveyed to the host 
5 It will be clear that the invention may be practiced otherwise than as particularly described in the foregoing de- 

scription and examples Numerous modifications and variations of the present invention are possible in light of the 
above teachings and. therefore, are within the scope of the appended claims 
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- ^ '3 f: :;e: : nt r pm-.t : : : :: 

, - A? ? 1 : CA ^^ : S.^^^ m K 1 1 r. e 3e e ; r. a rr. ::c rz ozazi zv., ;J r, : •/ e rs ^ z \- 
Me oi za'^ Re^^ ea r ? r". r ■ - ri 1 

'0 t:T1H: or :^7.T^7^:C^;: a Prc-e— ?rc5c:;atase : ^ 

■ 111 ' N::y r of sequence S; 6 

'5 iv; CC Rr^E SPONDENCE .^^C RESS: 

:A) ^rORESSEE: Srj.tnK:i-e Beecnarr,, Corporate Inrelle: 

'3' ^ RE ET : T w d New H c ri z o r.s Co r t 

; C; CITY: Brentford 

■^Z] CCUrTTY: Middlesex 

V j CC C yr RIi': Oni. ted King do rr. 

[:) POST CODE: TW8 9EP 

(v; CCM?'JTER F£ADAa.E FORM: 

(A) MEDIUM TYPE: Floppy disk 

; 3) COt^CTER: 13^ PC oorrpatible 

; C; OPERATING SYSTEM: P C-DO S/ MS-DO S 

;D; SOFTWARE: Pater.-In Release #:. C. Version #1.30 
{ VI ) CCRRENT APPLICATION DATA; 

'a; APPLICATION NT:Ma:R: :;s 

B) FILING DATE: 
C; CLASSIFICATION: 
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^va^i) ATTORNEY/ ACE ^JT INFO RATION: 

■;A; NAME: CONNELL, Anthony Ch. ristopher 
{ B) GENERAL AUTHORISATION NUMER 5630 (1st applicant onlvi 
: C: REFERENCE/DOCKET NUM 3E R ATGb0033 

(ix) TELECOMMUNICATION INFORMATION: 

(a) telephone: -44 1 2*7 96 4 43 95 
; b; telef.ax. ^44 181 3^5 616'^ 



{2; INFORMATION FOR SEQ ID NO: 1: 

45 

■1) SEQUENCE CHARACTE?! STICS: 

(A; LENGTH: 115 6 base pairs 
; 5) TYPE: n-jcleic aci d 
. 0; ST RANDEDNXSS; double 
(Di TOPOLOGY: linear 

(^.) MOLECULE TYPE: oDNA 

'ix; FEATURE: 
5^ a; name /KEY: CDS 

' 3) LOCATION: 9 2. . 1 :4 2 
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:ACGAGGCC3 CGG 3GGCAAG GCCTGGAGCT GTCCTT GGAA rTTGTGCAGG CAGCG-G7 G G 6 0 

:::::^';:rTTTAG ggt::cggggg gtct-gtggct a atg agg tgg agc aga at:; atg ;i: 

Me^. Ser Oys Ghr Arq Me^. lie 

:AG GTT TTA gat CGA GGT CGT TTG aga AGT TGG GTC ATG r^GG GTG GAT 16 G 

Gin Vai Leu Asp Pro Arg Pre Geu Thr Ser Ser Val Met Pro Val A^ p 
10 15 20 

15 GTG GCC ATG AGG CTT TGC TTG GGA CAT T GA GCA CCT GTG A.A3 AGT TTG 208 

Val Ala Met Ar^^ Leu (Gys Leu AG.a His Ser Pre ?iu Vdl Lys Ser Phe 
25 3 0 35 

^GTG GGC CG3 TAG GAT GAA TTT G.AA GGA CGA GAT TTT GTG AAT AAA TTA 25 h 

20 Leu Gly Pro Tyr Asp Glu Phe Gin Arg Arg Hxs ?he Vai As n Lys Leu 

40 45 50 55 

AAG GCC CTG AA,A T CA TGT CT C A.AT ATA AAA GAG AAA GGC AAA T GA GAG 304 
Lys Pro Leu Lys Ser Cys Leu As n lie Lys His Lys Aia Lys Ser Gir: 
60 65 70 



AAT GAC TGG AAG TGC T CA CAC A.AC CAA GCC AAG AAG GGC GTT GTG TTT 35 2 

Asp T rp Lys 0>'s Ser His As n Gin Ala Lys Lys Arg Va : Va. Phe 
7b 80 85 

GGT GAC TCC AAG GGC CIC TCT CT C ACT GCG AT C CAT GTG TT TGC GAC 4CC 

Aia Asp Ser Lys Giy Leu Ser Leu Thr Ala lie His Vai Phe Ser Asp 

90 95 100 

^GTC CGA GAA GAA CCA GCG TGG GAT CTG CAG TTT GAT CT C TTG GA : CTT 4 4& 

Leu Pro Glu Giu Pro Aia Trp Asp Leu Gin Phe Asp Leu Leu Asp Leu 

.05 110 1 15 

AAT GAT ATG TCC TCI GCC TTA AAA CAC CAC GAG GAG AAA AAC TTG ATT 4 96 

As n Asp He Ser Ser Ala Leu Lys His His rUu Glu Lys As n Leu lie 

120 1 25 130 135 

TTA GAT TTG CCT CAA CCT T CA AGG GAT TAG TT/i AGT TTG CGG AGG GAG 5 44 

Leu Asp Phe Pro Gin Pro Ser Thr Asp Tyr Leu Ser Phe Arg Ser His 

14 0 145 15 0 

"TT CAG AAG AA 1 TTT GTC TGT CTG GAG AAC TGG T CA TTG CAA GAG GGA 5 02 

Pne Gin Lys As n Phe Vai O/s Leu Giu As n C/s Ser Leu Gin Giu Arg 

15 5 16 0 165 

AGA GTG ACA GGG ACT GTT AAA GTG AAA AA.T GTG AGT TTT GAG AA.G AAA. 6 4 0 

TOr Vai Thr Gly Thr Val Lys Vai Lys As r. Val Ser Phe Glu Lys Gys 

17 0 1^5 18 0 

GTT :AG atg CGT ATG ACT TT C GAT TCT TGG A^A AAG TAG ACT GAC GTA 
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/s '.'a* Ty r Me*. L\-s Asn 



?he Ser ?he I^e Asp Leu ? rc 

2:c 



^ .-A^ . ^ s^.n O^.J .^.^O 



75 



ATT GAG T7C 
He Glu ?he 



;C ATT 



0/s :ie Ser Tyr His /-^a Asr. Gly Gin Val Fhe T rc A 



20 



AAC AAT GAT GGT CAG AAT TAT A3A ATT GTT :AT GTT GAA. TGG A-AG ZCl 
Asn Asp I^ly Gin As n Tyr Arg lie Val His Val Gin T rc Lys ? rc 

25 C 25 5 26 : 



GAT GGG GTG CAG ACA CAG ATG GCA CCC CAG GAC TGT GCA TTC CAG CAG 
?^3p Gly Val Gin Thr Gin Met Ala Pro Gin Asp Cys Aia Phe His Gin 
25 265 27C 27=^. 



30 



CTG G'Cr AGT GGG CT C TT C CCA GAG TGG CAG AGC TGG GGG AGA ATG GAG 
Leu Ala Ser Gly Leu Phe Pro Glu T rp Gin Ser T rp Gly Ara Met Glu 
300 305 ' ^ 3M 

35 AA: TTG GCC TCr TAT CGA TGAATT;iJiiGC AACAATGTAA CTGCTCTTGA 

^^n Leu Ala Ser Tyr Arg 
3 15 



40 



45 



CTTGTCATAT TCCCCCATGC .AATCCTAGGT GTGTATTGCT CAATTTTAGG AAGCCTT' 

ta;t:ccatca gtaggtttag atttga 

; 2: INFORMATICN FOR SEQ IVj MO: 2: 

;i) SE:'LTNCE CHARACTEPISTICS: 

(A; LENGTH: 3 17 arr^ no acids 

3) TYPE: arruno acid 
(D; TOPOLOGY: linear 

'11) r^JLECULE TYPE: crotem 

[XI) SEQUENCE DESCRIPTION: SEQ ID »G: 2: 

55 Met Ser Cys Thr Arc Met lie Gin Val Leu Asp Pro Ara Pre Leu -h 

10 ^ 



50 



^2b 



ACG TOT CCr ?J^.G ACA GAG TTA GAG T CA ACA AT C TTT GGC AGT CCG AGG 57 6 

Thr Ser Pro Lys Thr Glu Leu Glu Ser Thr He Phe Gly Ser Pro Arg 

28 J 285 29C '>c,^ 
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Ser Pro Pro Val I^ys Ser Fr. e Leu G^y 

35 



-yr ./\sp 



Arq Hrs Phe Va. As n Lys Leu Lys Pro Leu Lys 

5 0 5 5 



Lys His Lys Ala Lys Ser Gin ^3 r. Asp T rp 

65 70 



y/s Oys ::)er 



75 



Ala Lys Lys Arg Val Val Fhe Ala Asp Ser Lys Gly Leu Ser Leu 

85 90 95 



20 



Ala lie His Vai Phe Ser Asp Leu Pro Glu Giu Fro Ala T ro Asp Leu 

100 105 110 

Gin Phe Asp Leu Leu Asp Leu As n Asp lie Ser Ser Ala Leu Lys His 

115 120 125 



25 



His Glu Glu Lys As n Leu lie Leu Asp Phe Pro Gin Pro Ser Th r 
130 135 140 

Tyr Leu Ser Phe Arq Ser His Phe Gin Lys As n Phe Val Cys Leu 

145 150 155 



As c 



Giu 

160 



30 



Asn Lys Ser Leu Gin Glu Arg Thr Val Thr '31y Thr Val Lys Val 
165 170 175 



.ys 



35 



Asn Val Ser Phe Glu Lys Lys Val Gin lie Arg He Thr Phe Asp Ser 

180 185 190 

Trp Lys Asn Tyr Thr Asp Val Asp Oys Val Tyr Met Lys .Asn Val Tyr 

195 200 205 



40 



Gly Gly Thr Asp Ser Asp Thr Phe Ser Phe Ala He Asp Leu Pro Pro 

210 215 220 



Val He Pro Thr Glu Gin Lys He Glu Phe Oys He Ser Tyr His Ala 

225 230 235 240 

Asn Gly Gin Val Phe Trp Asp Asn n Asp Gly Gin .Asn Tyr Arq He 

245 25 0 25 5 



50 



Val His Val Gin Trp Lys Pro Asp Gly Val Gin Thr Gin Met Ala Pro 

26 0 26 5 2-^0 



Gm Asp Cys Ala Phe His Gin Tor Ser Pro Lys Thr Glu Leu 

27 5 28 0 28 5 



Se: 



55 



Thr He Phe Gly Ser Pro Arg Leu Ala Ser Gly Leu Phe Pro Glu Trp 

290 295 3'^0 
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, ; SEQ'JlNLc OESCRIFTICN; SEQ id NC: 3: 
Met Ala Val Asp He 31 u Tyr Ser T 



ber ^er Met A. 



Arg Arg G^u Arg Phe ?hr Phe Lys He Ser Pro lys Leu As n Lys Pre 

2C 25 3- 



^5 



30 



35 



Le-j Mrg Pro Oys lie Gin Leu Gly Ser Lys Asp Glu Ala Gly Arg Met 
35 4C 45 



Val ^la Pro Thr Val Gin 

5 C 



-u Lys Lys Val Lys Lys Arg Val Ser Phe 



A^a Asp A^r. Gin Gly Leu Ma Leu Thr Met Val Lys Val Pne Ser Glu 

€5 ^ 0 75 8 C 

Phe Asp Asp Pre Leu Asp He Pro Phe Asn He Thr Glu Leu Leu Asc 

85 9C 95 

Asn He Val Ser Leu Thr Thr Ala GxU Ser Glu Ser Phe Val Leu Asp 

IOC 105 ^ ^ 



40 



45 



50 



Phe Pro Gin Pro Ser Ala Asp Tyr Leu Asp Phe Arg Asn Arg Leu Gin 

1 20 1 25 ^ 

Thr Asn His Val Cys Leu Glu Asn Cys Val Leu Lys Glu Lvs A^a He 

130 135 140 



a^ Va^ Lys 



Ala Gly Thr Val Lys Val Gin Asn Leu Ala Phe Glu Lvs 
145 150 155 ' 16C 

He Arg Met Thr Phe Asp Thr T rp Lys Ser Phe Thr Asp Phe Pro Cys 



55 



Gin Tyr Val Lys Asp Thr Tyr Ala Gly Ser Asp Arg A^ c Thr Fne Ser 

190 185 ^ ^ ' 190 

Phe Asp He Ser Leu Pro Glu Lys He Gin Ser Tyr Gl ^ Arg Met Glu 

195 7rr.. 
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?he A^a Val Cys Tyi Gx - ::ys 3.y Gx:. 3er Tyr T r' 

Lys Gly Lys As r. Tyr Arq He Th r Arg A^a G^u Le'j Ar 



Gly Mel Thr Glu ? rc Tyr n Gly P r:: Asp Phe Gly He Ger Fr-ie Ao r 

Gin ?he Gly 5er Pro Arg Gys 5er Pne Gly Le'^ Phe Pre Gl G rc F r: 

2c 0 26 5 2 "'0 

Ser Tyr Leu Gly Tyr Glu Lys Leu Gly Pro Tyr Tyr 

27 5 29 0 

[2] INFORMATION FOR SEQ IC NO: 4: 

(1; SEQUENCE CHARACTERISTICS: 

(A) LENGTH: iC2 amino acids 
{ B) TYPE: amino acid 

(C) ST RAND ED NESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



;xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Ala He Leu Glu Ser Thr Giu Ser Leu Leu Gly Ser Thr Ser He Lys 
15 10 15 

Gly He He Arg Val Leu As n Val Ser Phe Glu Lys Leu Val Tyr Val 
20 25 3 0 

Arg Met Ser Leu Asp Asp T rp Gin Thr His Tyr .Asp He Leu Ala Glu 
35 40 45 

Tyr Val Pro As n Ser Cys Asp Gly Glu Thr Asp Gin Phe Ser Phe Lys 
5 0 5 5 6 0 

I^e Val Leu Val Pro Pro Tyr Gin Lys Asp Gly Ser Lys Val Glu Phe 

65 7C 75 SO 

Oys He Arg Tyr Glu Tnr Ser Val Gly Thr Phe T rp Ser As n As n As n 
8 5 90 95 

Gly Thr .As n Tyr Thr Phe 
lOO 
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# 



leu H:s Se r Leu 



_ys As r. Leu Ser Fh- 

25 



- . ^ _ u 



20 



I^e Lys rhe r ?r. e As n Se: 



I u , 



Asn Phe As n Arg Thr lie .As n Ser As n Val As c Glu Phe L.ys -'-e '^^ - 

50 55 ^ 6C 

lie Asp Leu Asn Ser Leu Lys Tyr He Leu Leu ::.e Lvs Ara I^e 

6 5 7C 7 5 ' ' S: 

Thr Met G:.u Lys Asn Thr Ser Ser Oys Pre Leu Asn :ie Gl'^ Leu G/s 

8 5 9 0 ?5 



Oys Arg Tyr Asp Va^ Asn Asn Giu Tnr 

ICC 105 



' r As p As n .As n 



35 



40 



45 



50 



Lys Asn Tyr His Leu 
1 i5 

2) INFORMATION FOR SEQ ID NO: 6: 

[L) SFQUFNCF GHARAGTERISrriGS: 

(A) LENGTH: 96 amrno acids 

3; TYPE: a rru n o a c i u 
( C) ST RAIsIDEDNESS: 
'D , TOPOLOGY: linear 

'11 : MOLEG'JLE TYPE: prctein 

; XI ; SEQUENCE DESCRIPTION: SEQ IC NO: 6 : 

Val Gin leu Asp Ser Tyr Asn Tyr Asp Giy Ser Thr Phe Ser Glv Lvs 



. . e . '/ r 



/al Lys Asn He Ai a Tyr Ser Lys Lys Val Thr Va^ He Tyr 



55 



hi a As p G i y Se r As c 



As n A3 n As n G 1 y As n 

4C 



. * e a A_ a 
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Se r Tv'" "r.f-^r -^i Pro lie Ser 'j-^v ^ a:^ r - y .7^': .v' 
Sor /^^a Sei :_e As n Gly He lys Glu ?h e Ty r He Ly£ 



Ser Gly Lys Th r Tyr Ty r Asp As n As n As n Ser Ala As n Ty i Gir. '/a] 
85 90 



?5 Claims 

1. An isolated polynucleotide connprising a member selected from the group consisting of: 

(a) a polynucleotide encoding the polypeptide as set forth in SEQ ID NO: 2: 
20 (b) a polynucleotide having at least 70% identity to a polynucleotide encoding a polypeptide comprising ammo 

acids of SEQ ID NO: 2: 

(c) a polynucleotide which by virtue of the redundancy of the genetic code, encodes the same ammo acids of 
SEQ ID NO 2: 

(d) a polynucleotide encoding the polypeptide comprising amino acids I to 31 7 of Figs 1 A-1 B: 
25 (e) a polynucleotide encoding the polypeptide comprising amino acids 6 to 31 7 of Figs 1 A-1 B: 

(f ) a polynucleotide encoding the polypeptide comprising amino acids 20 to 31 7 of Figs. 1 A-1 B: 

(g) a polynucleotide encoding the polypeptide comprising ammo acids 26 to 317 of Figs, 1 A-1B: 

(h) a polynucleotide which is complementary to the polynucleotide of (a) through (g). and 

(i) a polynucleotide comprising at least 15 contiguous bases of the polynucleotide of (a) through (h). 

30 

2. The polynucleotide of Claim I wherein the polynucleotide is DNA or RNA. 

3. The polynucleotide of Claim 2 comprising nucleotides set forth in SEQ ID NO: 1 

35 4. The polynucleotide of Claim 2 comprising nucleotides 1-1158 set forth in SEQ ID NO: 1 

5. The polynucleotide of Claim 2 which encodes a polypeptide comprising the amino acids of SEQ ID NO: 2. 

6. A vector compnsing the DNA of claim 2 

7. A host cell comprising the vector of claim 6 



8. A process tor producing a polypeptide comprising expressing from the host cell of Claim 7 a polypeptide encoded 
by said DNA, 

9. A process for producing a cell which expresses a polypeptide comprising transforming or transfecting the cell with 
the vector of Claim 6 such that the cell expresses the polypeptide encoded by the human cDNA contained in the 
vector. 

so 10, A polypeptide comprising an amino acid sequence which is at least 70% identical to the ammo acid sequence of 
SEQ ID NO: 2, 

11. A polypeptide comprising an amino acid sequence as set forth in SEQ ID NO: 2 

55 12. The polypeptide according to claim 11 selected from the group consisting of ammo acids 1 -317, ammo acids 6-317 
ammo acids 20-317 and ammo acids 26-317 of SEQ ID NO 2 

13. A compound which inhibits biological activity of the polypeptide of claim 10 



35 



BNSDOCID <EP 



0846763A2 I > 




EP 0 846 763 A2 




14 




15 



ac:iv;!\ c* - pzyoeo:~oc c' cia 



16. A -^ieinoQ fo^ the !^Grt!n^:C^: o' a paiie'": nav^ng neec c' ^-i^-RS corT^priS^ng aC'-^.,n:s:Gr -^g ic i^e patien: a me-a- 
peulically effective amount of the polypeptide of claim lO 

17. Tfie method according to Claim 1 6 wherein said therapeuticafly effective amount of the polypeptide is administered 
by p^oviaing to the patient DNA encoding said polypeptide and expressing said polypeptide in vivo 



18. A method for the treatment of a patient having need to inhibit PPP1R5 polypeptide comprising administering to 
the patient a therapeutically effective amount of the compound of claim 13 

19. A process for diagnosing a disease or a susceptibility to a disease related to expression of the polypeptide of claim 
10 comprising determining a mutation in the nucleic acid sequence encoding said polypeptide 

20. A diagnostic process comprising analyzing for the presence of the polypeptide of claim 10 in a sample derived 
from a host 

21. A method for identifying compounds which bind to and activate or inhibit a ligand of the polypeptide of claim 10 
comprising 

contacting a cell expressing on the surface thereof a ligand for the polypeptide, said ligand being associated 
with a second component capable of providing a detectable signal tn response to the binding of a compound 
to said ligand with a compound to be screened under conditions to permit binding to the ligand: and 
determining whether the compound binds to and activates or inhibits the ligand by detecting the presence or 
absence of a signal generated from the interaction of the compound with the ligand 

22. A process for identifying compounds active as agonists to the polypeptide of Claim 10 comprising contacting a 
reaction mixture containing a cell type which expresses a PPP1R5 ligand and a compound to be screened, and 
determining if the compound generates a signal from said PPP1R5 to identify if the compound is an effective 
agonist 

23. A process for identifying compounds active as antagonists of the biological activity of the polypeptide of Claim 10 
inhibit interaction with other proteins, inhibit the translocation of PPPI R5 to the nucleus and inhibit the interaction 
of PPPI R5 with nucleic acid sequences comprising 

contacting a reaction mixture containing a eel! type which expresses the PPP1R5 ligand and a compound 
to be screened and detecting the absence of a signal generated from said ligand after binding of said compound 
to identify if the compound is an effective antagonist 
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• 



rtG'3CCG CGGGGbCAAb GCCT 



r? CG AA 



iTGGAGG 



:agcggg?gc tggcgttttag ggt ccgccgc ctctc^ 



A ATG AGC TGC 
Met Ser Cys 



\^ 



AG A ATG 
Ar:: Met 



ATG GAG 
He Gin 



GTT TTA 
Vai Leu 
10 



GAT CGA CGT C'GT 
Asp Pro Arq ? r: 



Leu Trii 



GT C 
Val 

:CA 
P ro 



ATG CCG 

Met Fro 

20 

GCT GTG 

? rc Val 
35 



GTG GAT 

Val As p 

AAG AGT 

Lys Ser 



GTG GCC 
Val Ala 
25 

TTC 'GTG 
Phe Leu 
4 0 



ATG 
Met 

GGC 
Gly 



AGG CTT 
Arg Leu 

CGG TAG 
Pro Tyr 



TGC TTG 
O/s Leu 
3 0 

GAT GAA 
Asp Giu 
45 



GCA 
Ala 

TTT 
Phe 



GAT TGA 
His Ser 

GAA GGA 
Gin Arg 



CGA 
Arg 



CAT TTT 
His Phe 

5 0 



GTG AAT 
Val Asn 



AAA TTA 
Lys Leu 

55 



AAG 
Lys 



CCC CTG 
Pro Leu 



AAA TCA 
Lys Ser 

6 0 



TGT 
Cys 



CTC AAT 
Leu As n 



28 0 



ATA 
He 



AAA CAC 
Lys His 
65 



AAA GCC 
Lys Ala 



AAA TCA 
Lys Ser 
70 



CAG 
Gin 



hAT GAC 
As n Asp 



TGG AAG 
T rp Lys 
75 



TGC 
Cys 



TCA CAG 
Ser H^b 



AAC 
As n 



CAA GCC 
Gin Ala 

8 0 



AAG AAG 
Lys Lys 



CGC GTT 
Arg Val 
85 



GTG 
Val 



TTT GCT 
Phe Ala 



GAC TCC 
Asp Ser 

90 



AAG 
Lys 



GGC 'CTC 
Gly Leu 



37 C 



T CT 
Ser 



CTG ACT 
Leu Thr 

95 



GCG ATG 
Ala lie 



CAT GTC 
His Val 

100 



TTC 
Phe 



TCC GAC 
Ser Asp 



CTC CCA 
Leu Pro 
105 



GAA 
Glu 



GAA CCA 
Glu Pro 



4 15 



GCG 
Ala 



TGG GAT 
T rp As p 
110 



CTG CAG 
Leu Gin 



TTT GAT 
Phe As p 
115 



CTC 
Leu 



TTG GAC 
Leu Asp 



CTT AAT 
Leu Asn 
120 



GAT 
Asp 



ATC TCC 
He Ser 



46( 



T icr 
Ser 



jCC TTA 
Ala Leu 
125 



AAA CAC 
Lys His 



CAC GAG 
His Glu 
130 



GAG 
Glu 



AAA AAC 
Lys As n 



TTG ATT 
Leu He 
135 



TTA 
Leu 



GAT TT : 
Asp Phe 



C'"T 
P ro 



CAA ccr 

Gin Pro 
140 



TCA AGC 
Ser Thr 



GAT TAG 
Asp Tyr 
145 



TTA 

Leu 



AGT TTC 
Ser Phe 



CGG AGC 
Arg Ser 

150 



CAC 
His 



TTT CAG 
Phe Gin 



55 0 



AAG 

Lys 



AAC TTT 
A^n Phe 

H J 



GT C TGT 
Val C/3 



'CTG GAG 
Leu Glu 

16 0 



AAC 
Asn 



TGC TCA 
Cys So r 



TTG CAA 
Leu Gin 

165 



GAG 

Glu 



CGA ACA 
Arg Thr 



5 95 



GT \j 
Val 



ACA GGG 
Thr Gly 



ACT GTT 
Thr Val 



AAA GTC 
Lys Val 

1 7 



AA/^ 
Lys 



AAT GTG 
Asn Val 



AGT TTT 
Ser Phe 

IBC 



GAG 
Glu 



AAG AAA 

Lys Lys 



640 
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GTT CAG AT C CGZ 
Val Glr. I^e Arc 



1 1 6 T h r 



T rc Ivs A^ r. 



As r 



i r". * AT 



u rt/v^ riuK* ovj^ o^- .-^^ „.-A J.' 



Val -Asp Cys Val Tyr Mer Lys As n Val 



; 1 y T h r A-s p 



AGT 
Ser 



3AT 
A^ p 



?ne Ser ?he Ala 



GAC T'" " ''"CG '"'^ 
lie Asp Leu Pro Fro 
220 



. ^ ^ e r rc 
:25 



GAG 



23 0 



:AG AAA ATT GAG TTG 

,'S lie Glu ?he 



ATT T(G: 



^^e i^er .yr His 

235 



:'AC CAT 



Al 3 A^ : 
24C 



GTC TTT TGG GAC AAC AAT GAT GGT CAG AAT TAT AGA ATT GTT 
Val Phe Trp Asp Asn Asn Asp Gly Gin Asn Tyr Arg He Val 



145 



■0 



GTT CAA TGG AAG CCT GAT GGG GTG CAG ACA GAG ATG G CA IGC 
Val Gin Trp Lys Pro Asp Gly Val Gin Thr Gin Met A.la Pre 



CAT 
His 

CAG 
Gin 



26 0 



^b5 



865 



GAC TGT GCA TTC CAC CAG ACG T CT CCT AAG ACA GAG TTA GAG T CA 

: Ser 



.Asp Oys Ala Phe His Gin 

27 5 



Thr 

28 0 



Ser Pre Lys Thr Glu Leu 

28 5 



ACA ATC TTT GGC AGT CCG AGG CTG GCT AGT GGG C TTC CCA GAG 
Thr lie Phe Gly Ser Pro Arg Leu Ala Ser Gly Leu Phe Pro Glu 

9 ■ J <J 9 5 J 0 



TGG CAG AGC TGG GGG AGA ATG GAG AAC TTG GCC T :CT TAT CGA 
Trp Gin Ser Trp Gly Arg Met Glu Asn Leu Ala Ser Tyr Arg 



3 0^ 



31( 



315 

TTTGTCATAT T CCCCCATG 7 



0 9: 



.AAT CCT AGGT CTGTATTGCT CAATTTTAGG AAGCCTTTGC TACTCCATCA 
GTAGGTTTAG AT TTG A 
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FIGURE 2 

R5 MSCTRMIQVL DPRPLTSSVM PTOVAMRLCL AHSPPVKSFL GPYDEFQRRH 50 

6 66 : 6 6 

G-^ M AVDXEY SYS SMAPSLRRER 2 0 

R5 £VNKL KPLKSCLNI- -KHKAKSQND WKCSHNQAKK RyV FAD SKGL 93 

6 6 : 666 : 6 : : 6 6 56 66 666 66 

G:^ ETFKISPKLN KPLRPCIQLG SKDEAGRMVA Pr/QEKKVKK EYSrADNQ^L 7 0 

R5 SLTAIHVZSD LPEEPAWDLQ FDLLDLNDIS SALKHHEEKN LILDF£QPST 14 3 

66 : 666: : 6: 6 : :6 6 6 6 : 6666666 

Gl ALTMVKV^SE F--DDPLDIP FNITELLDNI VSLTTAESES FVLDF£QPSA 118 

R5 DYLSFRSHFQ KNFVCLENCS LQERTVTGTV KYKNVSZEKK YQIRITFDSW 193 

666 66 6 6 666666 6 6: : 666 66 6 : 666 6 66 666 : 6 
Gl CYLDFRKRLQ TNHVCJLENCV LKEKAIA^TV K]ZQNLA£EEV VKIEMTFETH 16 8 

R5 KNYTDVDCVY MKNVYGfiTDS DTESZAIDLP PVIPTEQKIfi ^CISYHANGQ 24 3 

6 :66 6 6 6 6:6:6 66666 6 56 6 : : 6 6 : 6 566 
Gl KSFTEFPCQX VKDTYASSDR DT FSF DISLP EKIQSYERME EAVC]^ECNGQ 218 

R5 VFJiDNIIDaQN YRIVHVQWKP DGVQTQMAPQ DCAFHQTSPK TELESTIFG£ 2 93 

: 66 6 6 6 666 : 6 6 : 666 

Gl SYifDStlKGKN XRITRAELRS TQGMTE PYNGPD FGISFDQFGS 26 0 

R5 PRLASGLFPE WQSWGRMENL ASYR SI"' 

66 66666 6 6 6 6:6 
Gl PRCSFGLFPE WPSYLGYEKL GPYY 28 4 
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FIGURE 4 



R5 157 VCLE NCSLQERTVTGT^YKYK^S£E^KYQlRI--TFDSHKNyT 197 

Gl 132 VCLE NCVLKEFLA.IAQT3^QNLAZE^VYKIRM- -TFDTHKSFT 172 

G.^ 128 AILES-TESLLGSTSIKaHRYI-HySZEKLyYYRM- -SLDD^QTHY 170 

GACl 24 4 V}<iHSLTQLGDDSSKITGLy^^^KHLS£EKYLEIKF--TFNS5RDIH 28 7 

AMYL 3 3 VQLDS YNYDGSTFSSKIYYKHIAXS^KYTYIYADGSDN^NNNG 7 5 

R5 198 DVDCVYMKNVYGGTDSDTES£AIDLPPVIPTEQ 230 

Gl 173 DFPCQYVKDTYAGSDRDTJES£DISLPEKIQSYE 205 

G„ 171 DILAEYVPNSCDG-ETDQJESZKIVLVPPYQKDGS 203 

GACl 288 YVTANFNRTIN--SbTVDE£:K£TIDLNSLKYILLXKRIITMEKNTSS 331 

AMYL 7 6 NTIAASYSAPISGSNYEYHTZSASINGIK 104 

R5 231 KIEFCISYHANGQVEWDNNDGQ^RI 2 56 

Gl 2 06 RMEFAVCYECNGQS^WDS^GK^RI 231 

G„ 2 04 KV£FCIRXETSVGT£WSN^GTMYTF 229 

GACl 3 32 CPLNIELCCRXDVNNETXYDN^GK^HL 360 

AMYL 10 5 EFYI K^EVSGKTYYDN^S A^QV 128 
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